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SECTION I - INTRODUCTION

1.1 BACKGROUND OF PROBLEM

a. Communication systems operating in the electromagnetic (EM) environ-
ment are subject to EM disturbances, which affect the reception of information.
These EM disturbances, termed environmental noise, are grouped into three broad
categories: galactic noise, atmospheric noise, and man-made noise. In recog-
nition of the need for work in the area of vehicle ignition noise and its ef-
fects on communication system performance (ref 11), the United States ArmyCommunication-Electronic Engineering Installation Agency (USACEEIA) tasked the
U.S. Army Test and Evaluation Command (TECOM) with establishing a test program
to determine the EM emissions from military and civilian vehicles powered by
gasoline-fueled, internal-combustion engines.

b. On 15 August 1978, TECOM tasked the U.S. Army Electronic Proving
Ground to measure the EM noise emissions from vehicles with gasoline internal-
combustion engines and to evaluate the performance of various tactical commu-
nication systems deployed in the proximity of such vehicles.

c. -The overall objectives of this test program were to measure the sta-
tistical structure of the ignition noise generated by EM emissions of single-
and multiple-vehicle configurations and to determine the cause/effect rela-
tionship of such emissions on various communication systems. The specific
goals (all of which were met) were:to--

(1) Prepare vehicular noise measurement and communication system
performance test methodologies. (Test methodologies were developed and are
presented in the test plan, app 4, ref 12.)

(2) Measure the statistical structure of vehicular noise. (Results
of measuring vehicular noise are presented in para 2.2.)

(3) Analyze single- and multiple-vehicle noise data to determine

their distributions with associated means (p), variances (g ), and confidence
limits. (Results of this analysis are presented in paras 2.3 and 3.1.)

(4) Analyze the relationships between the statistical structures of
single- and multiple-vehicle noise. (Results of this analysis are presented
in paras 2.3 and 3.1.)

(5) Analyze the relationship between the statistical structure of
multiple-vehicle noise data and the communication system performance data.
(Results of this analysis are presented in paras 2.3 and 3.1)

(6) Provide recommendations and propose methodologies for future
data measurements and analyses. (Recommendations and prepared methodologies
are presented in para 1.3.)

1.2 SOLUTION TO THE PROBLEM

a. This effort was directed towards the study of vehicular noise and its
effects on communication system performance. To conduct this study, a program
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was established which encompassed investigative tests on vehicles in single-
and multiple-vehicle configurations in an open-field site. The vehicles de-
scribed in appendix 1 were acquired for these tests. A mobile van instru-
mented with special-purpose test equipment was used to collect (see app 2 for
measurement techniques) and process the measured noise data. Appendix 3 pre-
sents samples of measured data. These data were then further analyzed with
the use of a computer to provide estimates of the cumulative distribution for
the envelope of the noise in addition to determining the relationships between
the appropriate statistical parameters of vehicle ignition noise.

b. In addition, a limited number of communication performance tests were
conducted on U.S. Army communication systems (see app 1 for description) while
the receivers were exposed to vehicle ignition noise emissions. The results
of these tests were used to provide values of articulation score (AS), as de-
termined by a panel of trained listeners, and articulation index (AI), as de-
termined by the Voice Interference Analysis System (VIAS), for each system
under various vehicular noise conditions. Appendix 2 presents detailed de-
scriptions of AS and AI and associated measurement techniques. The AS and AI
data were then analyzed to identify their relationship to the vehicle noise
emission data.

1.3 MAJOR RESULTS AND RECOMMENDATIONS

1.3.1 Major Results

a. For the four communication systems investigated, a relationship has
been found between AS and AI for impulsive noise (see fig. 17). This relation-
ship is quite similar to that found for other forms of interference; for exam-
ple, Gaussian noise (see fig. 18).

b. For the amplitude-modulated (AM) system operating in an impulsive ig-
nition noise environment, intelligibility can be maintained at significantly
lower signal-to-noise ratios than those required for the ambient Gaussian noise
(see fig. 15). This corresponds to the findings of previous test results for
impulsive noise (see fig. 4.13 in Spaulding, ref 1).

c. The results for the frequency-modulated (FM) system appear to be sim-
ilar to those found for the AM system in item b above (see fig. 14). The com-
parison, however, is not as dramatic and is more varied.

d. For the high-frequency single sideband (HF SSB) system, the ambient
interference consisted of primarily continuous wave (CW), which was much less
degrading than the impulsive ignition noise (see fig. 13). The degradation
in this case seemed to be relatively independent of the number of vehicles
present.

e. The results for the FM/PCM (pulse-code-modulated) system indicate
that the system is impervious to ignition noise in that very high intelligi-
bility was maintained in all cases until synchronization was lost (see fig.
16).

f. A significant data base of ignition noise amplitude probability dis-
tribution (APD) and average crossing rate (ACR) (see table I, refs 1 and 2,
and appendix 5) measurements was attained and documented.
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g. APD measurements (see table I and app 5) are useful for separating
the root-mean-square (rms) vehicular (V v ) and ambient components of the com-

posite noise signal (see app 3) present in the intermediate frequency (IF)
bandpass of a receiver. However, cases were observed particularly at lower
frequencies, where the ambient was so dominant that an estimate of the vehic-
ular component was difficult.

h. At the two lower frequencies, 23 and 75 MHz, the ambient background
was quite variable and generally composed of interfering signals, rather than
the normally assumed Gaussian background.

i. The vehicular rms component (V ) varies approximately as 10 Log b,
v

and the peak envelope voltage (V p) varies approximately as 20 log b where b

is the bandwidth. The ambient rms component (V a) may or may not vary as 10

log b, depending on the nature of the ambient interference. The average en-
velope value (V av) and the root-mean-square envelope value (V rms) were both

highly correlated with V (i.e., r = 0.996 and 0.901, respectively) and tenda
to vary with bandwidth in much the same way as Va (ref 1).

j. The structural moments of vehicular noise (Vrms and V av) taken at one

frequency cannot, with much accuracy, be extrapolated to other frequencies.
Similarly, the APD's cannot be accurately extrapolated to other frequencies
and/or bandwidths.

k. A reasonably simple technique has been developed for estimating the
multiple-vehicle APD's from the APD's of the individual contributing vehicles
(see app 3).

1.3.2 Recomendations

a. In future tests, it would be desirable to measure the APD at the IF
output of the communications receiver. These measurements should be compared
with the APD's recorded by the test measurement system.

b. The noise automatic test equipment (NATE) system should be compared
with other APD measurement systems for various types of noise conditions.

c. In future tests, a wide raqge of signal-to-noise ratios should be

used to estimate the AS/AI performance characteristics.

d. Recomendations are made for further statistical analysis of the mea-

sured data and the establishment of a measurement program to evaluate the ef-
fect of vehicular noise on radios using new techniques for data transmission
(SINCGARS-V), PLRS, etc.).

e. A review of the data on some of the systems tested suggests that fur-
ther measurements are desirable for these types of systems.

f. Modifications should be made to the amplitude probability detector to
use an estimator scheme to select amplitude levels and to change the dwell time
at each probability to assure equal statistical confidence for each data point.
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1.4 ORGANIZATION OF THE REPORT

This report is divided into two major parts, the first of which, desig-
nated sections 1 through 4, includes the summary of methodology, summary of
results, conclusions, recommendations, and a list of the references. The sec-
ond major part, consisting of appendixes 1 through 5, presents detailed test
and analysis information (including descriptions of the vehicles and communi-
cation systems), description of measurement instrumentation, data analysis and
results, raw data, and glossary of symbols. Because of the volume of the di-
rectly measured data, appendix 5 has not been published; but the raw data can
be made available to those who need to see them.
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SECTION 2 - SUMMARY OF METHODOLOGY

2.1 INSTRUMENTATION

2.1.1 General

a. Noise parameter data were collected for vehicle EM emissions accord-
ing to the test plan (ref 12) by a special computer-controlled receiving and
data reduction system. This system, known as the noise automatic test equip-
ment (NATE), is shown in figure 1. The NATE system, except for its receiver,
was installed in the shielded portion of a mobile van. The receiver/selector
components were located at the base of the antenna. NATE system automatically
stepped through a prearranged sequence of test instructions to collect and com-
pile vehicular noise parameter data. These data were then stored for data re-
duction and printout. As depicted in figure 2, the components of NATE are the
antenna, receiver/preselector, programmable spectrum analyzer, amplitude prob-
ability detector, programmable computer interface, desk top computer, and pe-
ripherals. Electromagnetic emanations were intercepted by the antenna, and
the resulting analog signal was then fed to the receiver/preselector. Here,
the signal was filtered, amplified, and mixed with a stable sinusoidal signal
supplied by the programmable local oscillator. The resulting signal had a 1-MHz
bandwidth and was centered at 21.4 MHz. This signal was then supplied to the
radio frequency (RF) input of the programmable spectrum analyzer, which was
tuned to 21.4 MHz. The analyzer was operated as a receiver/detector (i.e., in
the time domain) and was set in the logarithmic (logl0 ) output signal mode to

increase the test system's dynamic range. The analyzer detected the input
signal in accordance with computer-selected parameters. The output video sig-
nal, representing the voltage envelope of the noise emanation with a specific
bandwidth, was fed from the analyzer to the amplitude probability detector.
The detector measured ten points on APD and ACR functions for the noise, in
addition to the envelope voltage rms (V rms) and average (V av) values. Peak

voltage (V ) was measured by the HP-8568A spectrum analyzer. The APD, ACR,

Vrms, Vav, and Vp values were sent to the HP-9845 desk-top computer for anal-

ysis, storage, and display.

b. Automatic instrument control and data logging were incorporated into
the system. The controller was an HP-9845, which interfaced through both an
IEEE-488 bus and a CDC 53 interface. The CDC 53 provided an extended inter-
face for the IEEE-488 bus as well as the ability to listen to other types of
input signals and to permit control by means of the bus over certain other
equipments, such as relays and attenuators. By using this configuration, the
amplitude probability detector, filters, amplifiers, local oscillator, and
spectrum analyzer were controlled by the HP-9845.

c. Software was written to generate a sequence of (measurement) events
plus prompting. Prompting was used to allow the test personnel to make cer-
tain manual checks and adjustments required during the measurement sequence.

d. All data and measurement system parameters were entered into the
HP-9845 either automatically by magnetic tape or manually through the console
by the test personnel. The collected data were recorded on data sheets or
graphs, which were generated by subroutines contained within the overall

(Text continued on page 2-4)

2-1



944

01

0

44J

'-I
0

04

&to's

04

2-2I



an

a z
0~a

C.* 0. c

ig I I a LU .
W 'W

aI

Iault
SOU U

cc co

a U

CHI

2-3U



automatic test sequence (ATS) program. In addition, the data were then re-
corded on paper tape for future analysis.

2.1.2 Single-Vehicle EM Noise Emission Tests

a. EM noise emission tests were performed on a number of single vehicles
to obtain data on the statistical structure of noise generated by their igni-
tion systems, which would provide a basis for a detailed analysis.

b. The NATE system and test antenna were set up as shown in figure 3 for
the single-vehicle tests. Prior to the vehicle noise runs, the NATE was cali-
brated by means of the methodology described in appendix 2. In addition, sys-
tem and ambient noise data were collected before each vehicle noise run. De-
pending on the operational frequency, a calibrated biconical or coplanar log
periodic antenna was positioned in front of the vehicle at an antenna aspect
angle of zero degrees.

c. Tests were conducted on each of the 12 vehicles, positioned as shown
in figure 3, and data were collected on the noise parameters described in
table I for spectrum analyzer bandwidths and receiver tuned frequencies listed
in table II. The vehicle was usually positioned three meters from the test
antenna, or as noted on the test data sheets. Measurements were performed on
each of the vehicles with the engine rotational speeds set at 1500±30 r/min.
In addition to the data shown on the data sheets, the peak voltage, V p, was

measured manually with a field intensity meter (EMC-25) and appropriate an-
tenna at the side of the vehicle, according to SAX J55le (ref 2) for all four
test frequencies, and for 50 and 153 MHz--for the purpose of possible compar-
ison with the NATE data and data taken in other SAX tests (ref 3). The EMC-25
antenna was positioned at the side of the vehicle (per ref 2), and the data
were taken simultaneously with those of the NATE.

d. Tests were also conducted (set up as in fig. 3) to determine the var-
iations in ignition system noise produced by a single vehicle as a function of
vehicle distance from the test antenna. Noise parameter data described in ta-
ble I were collected using the spectrum analyzer bandwidth of 300 kHz and the
receiver tuned frequencies shown in table II. The vehicle was positioned at
2, 5, 10, 20, 50, and 100 meters from the test antenna. These measurements
were conducted on 4 vehicles. Three whose noise emissions were the greatest
were selected from the first 12. One of these was the vehicle tested for
ignition noise emission previously on the "Wheels" task (refs 4 and 5). The
fourth vehicle tested (number 13) was not of the group of 12 but was a par-
ticularly noisy one used for transportation by one member of the test person-
nel. For each test, the engine rotational speed was set to 1500±30 r/min.

2.1.3 Multiple-Vehicle EM Noise Emission and Communication System Perform-
ance Tests

a. EM noise emission tests were performed on multiple vehicles to obtain
data on the statistical nature of the noise generated by their ignition sys-
tems. Communication system performance in the presence of this noise was also
measured. The data obtained provided a basis for further analysis.

(Text continued on page 2-8)
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b. For the multiple-vehicle and communication performance measurements,
the NATE system and test antenna were arranged as shown in figure 4. As in
the previous tests for single vehicles, NATE was calibrated by the methodology
of appendix 2. In addition, system and ambient noise data were collected
prior to starting each subtest. For these tests, the vehicles were placed on
a three-meter radius about the test antenna, with the front of the vehicles
toward the antenna.

c. The communication system equipment was installed in a separate van in
the configuration shown in figure 5. This equipment was operated at the fol-
lowing frequencies:

Frequency Nominal IF
Equipment (MHz) Bandwidth (kHz) -

AN/GRC-106 23 10
AN/VRC-12 75 30
AN/ARC-51 300 30
AN/GRC-103 900 300

d. Data were collected on the noise parameters described in table I
using the spectrum analyzer bandwidths and receiver tuned frequencies listed
in table II. The engine rotational speed of each vehicle was set to 1500±30
r/min.

e. Communication link tests with vehicle noise as an interfering source
were performed for the vehicle configurations marked yes in the right-hand col-
umn of table III. For these tests, three levels of degradation were recorded
by adjusting the transmitter signal level into the communication receiver. The
signal level into the receiver was then measured and entered on a data sheet.
In one test sequence (number 29), the signal level was held fixed while three
levels of degradation were obtained by adjusting the noise level.

f. At each of the three levels of degradation, a phonetically balanced
word group was transmitted over the communication link. The audio output of
the receiver was recorded for evaluation by trained listeners to obtain AS.
The VIAS was used to measure AI for each degradation level.

2.2 DATA COLLECTED

a. Measured data results of the various vehicle noise tests are con-
tained in appendix 5 of this report., The test was conducted during the period
13 to 24 August 1979 at a low-noise site. The site was selected based on spec-
tral data collected as part of the site selection process (ref 13).

b. Approximately 1700 amplitude probability detector scans were made dur-
ing this time frame, which resulted in 420 automatically recorded and printed
data graphs. Each graph contains results from four scans: (1) a scan using
a calibrated noise source (see fig. 2, app 2), (2) a total system noise scan,
(3) an ambient noise scan, and (4) the test vehicle noise scan. The 420 data
graphs are for various single- and multiple-vehicle tests configured from 13
test vehicles, which consisted of (1) a noisy 8-cylinder 1970 Chevrolet truck,

(Text continued on page 2-12)
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TABLE III. VEHICLE CONFIGURATION TEST CODES

Test No. of AI and
Code Vehicles Tested AS

1 1 No
2 1 No
3 1 No
4 1 No
5 1 No
6 1 No
7 1 No
8 I No
9 1 No

10 1 No
11 1 No
12 1 No
13 3 No
15 1 Yes
16 12 Yes
17 6 Yes
18 6 No
19 6 No
20 3 No
21 3 Yes
22 3 No
23 2 No
24 2 No
29 1 Yes
30 0 Yes

NOTE: Test codes 29 and 30 correspond to the results for
tests 25 and 14, respectively. They were rearranged
for convenience.
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(2) an 8-cylinder 1970 Dodge pickup (one of the original "Wheels" vehicles,
ref 3), (3) two 8-cylinder 1973 Ambassadors, (4) five 6-cylinder 1979 Fords,
(5) one 6-cylinder 1974 station wagon, and (6) three 4-cylinder Fords.

c. Four different communication links were set up. Various configura-
tions of vehicle types were used as noise sources to interfere with the links.

d. The key noise parameters which were used to provide a statistical
analysis of vehicle noise and communication system performance are: (1) APD,
(2) ACR, (3) PN1 (4) Vp, (5) Vav, (6) Vrms, and (7) average voltage deviation

(Vd). The noise parameter data (table I) were stored on paper tape for future

analysis and quick retrieval. In addition, hardcopy printouts of the data sim-
ilar to figure 6 were recorded. A total of 419 data printouts were. provided
by the measurement schedule. Table IV presents a summary of the annotations
found on the hardcopy printouts.

e. A limited number of communication performance tests were conducted on
U.S. Army comunications systems while the comunication links were exposed to
vehicle ignition noise emissions. During these tests, recordings of the re-
ceiver audio output were made to determine AS. A total of 15 tapes (60 word
groups) was provided for articulation scoring.

2.3 BRIEF DESCRIPTION OF ANALYSIS METHODS

2.3.1 Single-Vehicle Tests

a. APD Data and Plots

(1) The APD raw test data, in terms of voltage threshold as a func-
tion of probability (see fig. 6), were grouped and analyzed with the aid of
software developed for a PDP 11/45 computer. Certain portions of these data
were eliminated from the analysis. These were cases where errors were noted
and in which the ambient noise (i.e., receiver noise plus interference with
the vehicle off) was dominant and no reasonable estimate of the vehicular
noise component could be attempted. It was assumed, based on previous re-
sults (ref 6), that the APD for vehicular noise was a composite Weibull dis-
tribution defined for ambient and vehicular noise regions.

(2) This report presents parameter values such as Vrms, Vat and Vv

all of which are measured for specific bandwidths, b. These values refer to
2

the mean square values of the IF envelope voltage, that is, E(v ), where E(-)

denotes the probabilistic expected value. In particular, Vrms refers to the

rms value of the IF envelope when both the vehicular and ambient noise compo-
nents are present. V and V represent the rms values of the ambient and ve-

a v
hicular noise components, respectively. The IF voltage can be written as:

vIF t) = rat) cos[wt * a(t)] + r v(t) cos[wt + v(01

vIF t) = v(t) costwt + e(t)]

(Text continued on page 2-15)
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VEHICLE NOISE TEST 08 .1-7, ,.M-D-Y)
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CIVILIAN PASS.(i OR 8 CYL) BICON TYPE 407

TEST CODE: 16 VEHICLES IN THE TEST: 1 2 S 4 5 6 7 8 ? 1e 11 1Z

REC. FREQ. SPEC. ANAL. BW Ek4GINE SPEED ANTEIINA P"SITtjH
75 MHz 30 iHz 1508 RPM a g. 3 m.

MEASURED APD VALUES:

Poit Pr-ob. PC S dfrms Cal. RMS .l.. . , VP Nois*eP.
1 .0001 IOOE-01 27.3 52.6dluY 37.7.IuV ?.alo 72.843,,V -63.1lOIr.
2 .005 400E-01 23.3
3 .0019 920E-01 21.3 v - 46.3 dB(wV) V = 32.4 dB(PV)
4 .0108 49$E.00 12.4 v a
5 .Z08 798E+0 7.5 V - 30.0 d1(V)
4; .500 157E#01 .5 mb
7 .1808 310E #61 -7.4 (G) = 25.7 dB(V)

a .2000 590E+81 -12.3 23
9 .3000 906E#01 -14.3

10 .4000 101E.02 -15.3

RMS 1 a'-! comp&rts to 2?.32 dt above K"o - 46. 1 du'uV across 50onmi

AFD AICPP D............... %.,.,l ,.. ND'so
.. .. (liv 1 Notesi (mq

--- - " p51U h iss

dB above RNS PC.$
40 1015

30 -

20 -

10,4

-30 .- -

-40

n- 0i ) . -50 -40 -20 0 Z 40
a= 0.0.3

PROB Ce&orie

Figure 6. Example of data for a selected test.
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where

ra(t), a(t) = envelope and phase of the ambient noise

rv(t), *v(t) = envelope and phase of the vehicular noise

v(t), 8(t) = envelope and phase of the composite noise

then

Va = 20 loglo[E(r2(t))] 1/2 dB(pV)

Vv = 20 logl0fE(r2 (t))]
1/ 2  dB(pV)

V = 20 lOglo[E(v2 (t))]l/2  dB(pV)

Confusion arises as to the description of these rms parameter values in terms
of dB(pV) (i.e., dB relative to the power expended by a 1-yV source across the
same impedance). Reference 1 provides some guidance in the use of this unit,
in addition to presenting the factors to convert to other types of units. Fig-
ure 7 (ref 1) is a simplified diagram which can be used for these, conversions.
For example, if Vrms measured across a 50-ohm load is 67 dB(pV), then the cor-

responding dBm value would be 67 dB(pV) - 107 dB = -40 dBm.

(3) As described in appendix 2, paragraph 2.2.2c, the calibrated
noise source provides an output level which is considered in NATE system ref-
erence. For a specific test, the rms noise level in dB(pV) due to this source
is listed under the column marked Col. RMS in figure 6. In the example this
value is 52.6 dB(pV). By applying figure 7 and noting that the measured rms
voltages include an IF gain factor, it can be shown that the 52.6 dB(PV) value
is approximately equal to 35 dB > KT b (see para 2.2.2c for example). The mea-o

sured rms voltage values for an actual measurement are presented above the APD
and ACR plots as illustrated in figure 6. These values are given in terms of
dB > XT b and dB(pV). In the example, the measured rms voltage across 50 ohms

0

is 46.89 dB(pV). Using the same procedure presented in paragraph 2.2.2c and
figure 7, this voltage is equal to 46.89 dB(V) - 40 dB + 67 dB - 10 log (30
kHz) or 29.3 dB. The IF gain factor of 40 dB has been subtracted from the
46.89-dB value to arrive at the appropriate dB > KT b. These rms voltage lev-

0

els are used as the reference for thV measured APD and ACR values (see fig. 6
for example). For example, if at a specific probability the measured APD value
for vehicular noise was equal to 46.89 dB(pV), then the plot would indicate a
value of 0 dB.

(4) Straight-line approximations representing the Weibull distribu-
tion were fit to the measured APD data by use of regression techniques for the
ambient and vehicular noise regions. Figure 8 presents an example of the com-
puter printouts showing the straight-line parameters and their estimates. The
figure includes a legend which identifies the key headings. The data from fig-
ure 8 were then used to construct APD plots similar to figure 9 for all fre-
quency-bandwidth-vehicle combinations. The plot depicted in figure 9 repre-
sents the two highlighted lines shown in figure 8. The first line corresponds

(Text continued on page 2-19)
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Ml > k T b

(To -MISS K)

P. (MEASURED IN b) -10 1"g b (MEASURED ACROISS)

(MAUE INd3)kI

F 0 Nd >I 0

Figure 7. Relationships between units for average noise power and effective
antenna noise factor (rms detector) with input power, P n
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APD LINE PARAMETERS TEST I
FREG 83 VTRMS MV KV VVRMS MA KA WARMS INTERSECT& DO PROB

I 1 46.91 0.3926 -9.361 23.34 .5.0221 -100.836 39.64 43.41 0.9014
ADJUSTEDs 39.74 0.3926 -0.361 23.34 5.8221 -108.636 39.64 43.41 0.0014

I 2 46.03 6.9399 -14.583 34.46 8.6186 -178.324 40.97 42.67 0.0276
ADJUSTEDs 42.17- J.1749 -26.827 35.99 O.6186-J78.324 40.97 42.53 6.0437

I 3 41.89 6.4969 -5.331 35.4Z 3.2964 -69.790 41.,86 46.06 2.0168
ADJUSTEDs 42.75 0.4969 -5.331 35.42 3.2964 -69.798 k1.86 46.06 0.0168

2 I J9.33 8.675 -4.995 15.34 3.2964 -32.268 19.09 22.64 8.0407
ADJUSTED' 20.62 0.8075 -4.995 15.34 3.2964 -32.26 19.89 22.64 0.0407

2 2 21.16 8.4186 0.980 14.48 2.8527 -29.078 19.97 24.70 0.0162
ADJUSTEDs 21.15 0.46760 d..81 14.91 2.8527 -29.074 19.97 24.53' 0.0203

2 3 21.37 0.4908 1.196 9.42 2.0194 -21.122 20.90 29.20 b.0011
ADJUSTED' 21.18 0.4908 1.196 9.42 R 2.100. -20.880 2a.88 29.25 0.0010

2 4 30.18 * 0.2032 4.063 24.61 2.8528 -43.931 30.38 36.23 0.0026
ADJUSTEDs 31.28 0.2032 4.63 24.81 2.8528 -43.931 36.38 36.23 0.0026

2 5 33.84 0.1484 i.409 35.19 1.62.38 -25.990 32.51 42.33 0.0010
ADJUSTED& 34.06 (6.1755 4.588 28.85 1.6231 -25.990. 32.51 42.12 0.013

3 2 27.07 0 2369 2.709 27.36 1.7627 -14.846 17.12 23.01 8.8304
ADJUSTEDs 27.06 2.2489 2.465 26,58 R 2.08 -17.211 17.21 22.47 .8348

3 3 33.11 6.1657 3.948 39.93 2.0583 -22.579 21.89 28.63 0.01 4S
ADJUSTEDa 33.95 0.2071 2.945 33.68 R 2.100"1 -21.05d 21.85 27.66 8:0222 --u uuu m m unu uUMIIIIIN ..... um ]llllin uummmm....l...lllllmu..u...uBBIM.. IBu.Bm

3 4 38.09 0.14.73 4.264 46.63 2.2943 -30.78J 26.62 32.65 0.0096
ADJUSTEDs 39.09 0.1841 3.287 38.85 R 2. 1d1. -26.45 26.41 32.70 e,2.41

3 5 44.27 .8.3031 5.392 62.28 2.0194 -31.118 -3d.80 38.25 0.8036
ADJUSTED' 48.88+ 0.376 4.59d 48.03 R 2.100 -30. 784 30.18 38.00 8.0852

4 4 23.50 0.1261 6.017 34.6a 2.2943 -22.8331 19.69 26.63 0.027
ADJUSTED' 26.43 .1681 5.34 25.47 R 2.0906 -19.40.7 19.41 26.9 0.00.36

4 5 33.02 0.0926 6.809 52.75 2.5,113 -26.065 24.33 31.94 0.0012
ADJUSTEDs 49.57++ 0.1168 6.266 46.47 R 2.008 -23.943 23.94 32.07 0.0815

LEGEND:
FREQ - Test Measurement Frequency IV - 10 log30 k vhere Is k

1-23 MHz Weibull distribution parameter
2-75 MHz for the vehicular noise component.
3-300 M VVRMS - Calculated vehicular noise
4-900 MHz

BW =Test Mesurement BandwridthcopntindUVTsM m a idMA - m parameter of Weibull distribution
1-3 kHz a
2-10 kz for ambient noise component.
3-30 k~z IA - 10 loglo ka. where k is k Weibull
4-100 k a5-300 kuz distribution parameter for

ambient noise component.

VTRMS - Measured V in d3(uV). VARMS - Calculated ambient noiserug component in dB(wV)
if on the first line.

VTRMS - Calculated V in dB(IjV), INTERSECT: DB PROB - Coordinate point on
rVs APDIS plot where lines for

if on the ADJUSTED line. ambient and vehicular noise
MV - H parameter of Woibull regions intersect.

distribution for vehicular * - Measured V less than ambient
noise component. rms

R - Rayleigh ambient slope

Figure 8. Example computer printout from PDF 11/45 for APD regression

analysis.
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to the estimated (using regression) APD line parameter values which have not
been adjusted using the pivoting technique described in appendix 3. This tech-
nique involves the rotation of the two straight-line approximations (i.e., one
for the ambient region and one for the vehicle region) about their midpoint to
conform more closely to theoretical values. The dashed line annotated with
VRMS in figure 9 is the measured V designated under VTRIS (i.e., 33.1 dB(pV)Ims

in figure 8. Theoretically, the mean-square sum of the vehicular (Vv ) and am-

bient (V a) noise voltage components (VVRMS and VARMS in figure 8) should equal
the overall measured V (VTRMS in figure 8). However, as seen in figure 9,

ms

their sum is 40.0 dB(pV), an error of 6.9 dB. When the vehicular line has been
adjusted by a 20-percent change in slope, and the ambient line has been rotated
to the theoretical Rayleigh slope (MA=2), the VTRMS value drops to 34.0, be-
cause the rms vehicular noise component VVRMS changes from 39.9 to 33.7, and
VARNS was virtually unchanged. The original regression lines for the ambient
and vehicular noise regions intersect at a voltage threshold of 28.0 dB(pV)
and a probability equal to 0.0145 (see the last 2 columns in fig. 8). With
pivoting, these values change to 27.7 dB(pV) and 0.0222, respectively. The
slanted solid lines depicted in figure 8 are the adjusted straight-line ap-
proximations. The Weibull parameter values of MV, MA, KV, and KA listed in
figure 8 are used to calculate the slopes and intercepts for both the vehic-
ular and ambient noise region straight-line approximations. Appendix 3 pro-
vides a detailed discussion of the V and V parameters and presents equationsa v
relating them to the Weibull parameter values. Computer printouts and plots
for the regression analysis of the APD data is also included in appendix 3.

b. Noise Parameter Data

(1) Sample medians, means, standard deviations, and cumulative dis-
tribution functions were calculated from the raw data for the various noise
parameters (Vrms, Vav , Vp, VV, and V a). Sample plots of these data for each

frequency and the bandwidths used in the performance tests are presented in
appendix 3.

(2) A regression analysis was also performed by using the univariate
straight-line model to relate the noise parameters to bandwidth, frequency, and
each other. Results of this analysis were tabulated, and an example plot for
V versus bandwidth is illustrated in figure 10. The points around the line
rms

represent the V values recorded at a specific NATE receiver IF bandwidthrms

during the tests designated at the top of the figure. For the example, the
standard error of the estimate (STD ERROR EST) is 2.7 dB. This indicates a
small variability about the estimated line. Regression lines for the noise
parameters are included in appendix 3.

2.3.2 Multiple-Vehicle Tests

a. Straight-line approximations to the Weibull distributions were also
fit to the vehicular and ambient regions of the APD curves of multiple-vehic-
ular noise data. In addition, frequency and bandwidth regressions of multiple-
vehicle analysis were performed for each of the noise parameters. Results of

these regressions are presented in graphic form as part of appendix 3.
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b. The vehicular noise components for each of the individual vehicles
used in a multiple-vehicle test were summed on a mean-square basis, and the
results were compared to the overall vehicular component determined from the
measurements. Figures 11 and 12 present typical plots of measured and pre-
dicted APD curves by using straight-line approximations over the vehicular
and ambient noise regions. Additional plots and tabulation of the data are
given in appendix 3. The recorded V level for the specific test has beenrms
indicated on these plots for reference. The solid line represents the re-
sults of the linear regression for the multiple-vehicle measured data. The
squares show the predicted value for multiple-vehicle data derived from mea-
surements on individual vehicles. The various dashed lines are APD straight-
line approximations for individual vehicles, as indicated by the test code at
the top of the figure (see table III). Figure 11 is an example of a case in
which the predicted V was quite good, to within 1 dB, but the predicted ve-

v

hicular line had a large error in slope. Figure 12 is a case in which both
level and line slope were predicted with reasonable accuracy.

2.3.3 Communication System Performance Tests

a. Values for the noise parameters were referenced back to their levels
at the RF input by compensating for the attenuator settings recorded during
these tests. This enabled the plotting of AS and AI versus S/Vrms, S/Va,

S/Vv, S/Vav and S/Vp (S/V in dB is equal to S-V, where S and V are in dB

relative to the same reference) referenced to the RF input of the receivers.
Noise parameter data used were obtained at a l0-kHz bandwidth for the SSB
system (AN/GRC-106), 30 kHz for the FM (AN/VRC-12) and AM (AN/ARC-51) systems,
and 300 kHz for the FM/PCM (AN/GRC-103) system. Table V lists the data for
each frequency and bandwidth considered, and figures 13 through 16 give plots
of the data. In the data, the signal (S) and noise parameter levels are in
dB(pV) at the receiver input. V for test 30 (no vehicles) is the computed

vvalue of the ambient component.

b. The AS and AI relationship was determined for each receiver by means
of regression and by use of the following Gompertz (or "growth") function

in [-ln(AS)] = a° + aI (AI)

where AS and AI are expressed as decimal fractions. This function form had
been found in previous testing to ptovide a good fit to the AS-Al data (ref
7). A second-order regression was made to combine the results from all com-
munication types. The results are shown in figure 17. Figure 18 presents the
results of all the frequencies, bandwidths, and vehicle combinations consid-
ered during the entire test. For comparison purposes, figure 18 also gives
the AS-AI relationship obtained with linearly mixed, white Gaussian noise.

(Text continued on page 3-1)
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TABLE V. COMMUNICATION SYSTEM PERFORMANCE RESULTS FOR SSB, FM, AM, AND
FM/PCM

LINK " SSB FREQ - 23 M4HZ BANDWIDTH - 10 KiHZ
TEST VEHS S Al AS VP VRMS VAV VV VA VD

30 6 -14. 1.281 49.7 7.1 0.6 0.4 -0.3 6.6 0.2
36 6 -12. .49 60.6 7.1 0.6 0.4 -0.3 0.6 0.2
30 6 -9. 8.520 74.6 7.1 8.6 01.4 -. 3 0.6 6.2
29 1 4. 6.248 26.8 35.4 11.5 9.8 7.4 9.6 I1d
29 2 4. 6.358 35.6 32.4 8.5 6.8 4.4 6.6 .,
29 1 4. 6.4 79.5 25.4 1.5 -8.2 -2.6 -6.4 1.,
i5 1 -18. 0.246 25.3 11.6 -16.5 -11.9 -15.3 -12.2 1.5
i5 1 -13. 0.361 53.3 11.6 -16.5 -11.9 -15.3 -12.2 I.t
i5 1 -8. 0.496 74.7 11.6 -10.5 -11.9 -15.3 -12.2 1.5
21 3 -14. 0.364 58.3 J8.2 -.7.4 -4.5 -11.9 -8.9 1.2
21 3 -16. 0.397 67.7 16.2 -7.4 -6.5 -11.9 -8.9 1.2
21 3 -8. 0.488 77.7 16.2 -7.4 -9.5 -11.9 -8.9 1.2
17 6 -7. 0.307 52.5 13.3 -5. -7.1 -7.3 -7.9 2.1
17 6 -5. 0.396 73.4 123.3 -5.8 -7.2 -7.3 -7.9 2.1
17 6 -2. 0.500 85.4 13.3 -5.0 -7.1 -1.3 -7.9 2.1
16 12 -6. 3.293 45.7 21.8 -1.8 -4.9 -2.7 -6.9 3.1
16 12 -4. 0.394 80.6 21.8 -1.8 -4.9 -2.7 -6.9 3.1
16 12 -I. 0.492 80.6 21.8 -2.8 -4.9 -2.7 -6.9 3.1

LINK - FM FREU , 75 M21Z BANDWIDTH - 30 KHZ
TEST VEILS S AI AS VP VRMAS VAV VV VA YD

30 0 -6. 0.362 57.7 -2.2 -9.8 -10.1 -9.2 -9.6 6.3
30 6 -4. 0.405 53.1 -2.2 -9.8 -10.1 -9.2 -9.8 0.3
30 0 -3. J.498 74.6 -2.2 -9.0 -1.1 -9.2 -9.8 6.3
29 2 6. 0.238 45.0 30.1 11.5 0.8 6.1 9.0 s.1
29 2 6. 0.352 61.5 26.1 8.5 6.8 4.6 7.6 I.
29 2 6. O.26 81.2 26.1 6.5 4.8 2.0 5.0 1.7
I5 1 -17. 0.265 47.7 3.7 -9.4 -12.5 -12.5 -12.4 3.1
15 1 -15. 8.347 67.4 3.7 -9.4 -12.5 -12.5 -12.4 3.1
i5 1 -8. 0.510 85.3 3.7 -9.4 -12.5 -12.5 -12.4 3.2
21 3 3. d.300 36.3 31.2 4.5 -5.3 4.3 -8.2 9.9
21 3 5. 3.379 65.3 31.2 4.5 -5.3 4.3 -6.2 9.9
21 3 7. 3.489 77.5 31.2 4.S -5.3 4.3 -8.2 9.o
11 6 13. 0.260 25.4 29.2 4.d -1.6 3.9 -2.7 5.4
1/ 6 14. J. 374 57.7 29.2 4.8 -0.6 3.9 -2.7 5.4
17 6 I5, 3.485 75.2 29.2 4.6 -0.6 3.9 -2.7 5.4
16 12 4. 0.307 57.1 32.0 5.9 -2.3 6.7 -7.6 9.1
16 12 8. 3.389 "6.9 32.0 6.9 -2.3 6.7 -7.6 9.1
16 12 14. 4..498 72.9 32.0 6.9 -2.3 6.7 -7.6 9.1

LINK - AM FRE3 , 3016 AHZ BANOIDTH - 30 Kt4Z
TEST VEIS S At AS VP VRKS VAV VV VA VD

30 0 -7. 0.307 43.4 -1.3 -20.2 -21.. -21. -26.2 0.
30 6 -5. 0.397 62.8 -28.3 -20.2 -21.0 -211 -26.2 6.d
30 8 -2. 0.497 71.9 -18.3 -26.2 -21.0. -211 -20.2 0.6
29 2 5. (4.265 55.3 39.4 9.7 2.4 '3.9 1.8 7.3
29 1 5. 0.361 76.7 36.4 6.7 -41.6 5.9 -2.2 7.3
29 1 5. 0.493 84.6 31.4 1.7 -5.6 0.9 -6.2 7.3
15 2 -8. 0.235 47.0 16.4 -21.1 -17.4 -10).2 -18.1 7.3
15 1 -4. 0.362 66.6 16.4 -161 -174 -102 -811 7.3
15 1 4. 6.516 82.5 126.4 -1.1 -17.4 -26.2 -28.2 7.3
21 3 -7. 0.313 53.7 19.1 -13.4 -19.5 -14.4 -26.2 6.1
21 3 -4. 4.414 69.7 19.1 -13.4 -19.5 -14.4 -29.2 6.1
21 3 -I. 6.507 62.3 19.1 -13.4 -19.5 -14.4 -26.2 6.1
17 6 -6. J.282 44.8 J7. -9.8 -15.5 -1.8 -16.1 5.1
1 6 -2. 3.411 63.1 17.0 -9.6 -15.5 -264.8 -16.7 5.7
If 6 1. 0.495 75.7 17.0 -9.d -15.5 -1.8 -16.7 5.1
16 12 -5. J.290 45.4 17.6 -7.d -15.5 -4.3 -11.7 7.1
16 12 -2. 3.401 61.7 17.8 -7.6s -15.5 -4.3 -17.7 7.1
16 12 1. 1.563 70.2 17.8 -7.5 -25.5 -q.3 -17.7 7.1
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TABLE V. COMMUNICATION SYSTEM PERFORMANCE RESULTS FOR SSB, FM, AM, AND
FM/PCM (CONT)

LINK - FM/PCM FREQ = 900 MHZ 8ANDW1IDTH - 300 KHZ
TEST VEMS S Al AS VP VRMS VAV VV VA VD

3d 0 12. 0.576 24.9 J.6 -8.1 -9.5 -9.4 -8.7 @.8
29 1 20. 0.801 91.1 31.5 8.0 3.9 6.0 3.8 4.1
l I 12. 0. 140 85.5 36.9 -4.5 -6.5 -6.3 -6.4 2.o
21 3 3,. .688 93.3 18.1 -8.0 -9.2 -14.5 -9.1 1.2
17 6 I. 0.623 89.3 36.5 -2.0 -7.8 -3.3 -8.1 5.8
16 12 II. J.480 72.5 31.2 -5.7 -8.1 -5..3 -8.0 2.4

LEGEND:

LINK - Identifies communication system tested
FREQ - Operational frequency

BANDWIDTH = NATE system bandwidth
TEST - Test code as listed in table III
VEHS - Number of vehicles tested

AI - Articulation index
AS - Articulation score
VP Vp = Peak noise threshold in dB(wV)

VRMS - Vrms - rms noise value dB(pV)
VAV - Vav - average noise value dB(pV)

VV - Vehicular noise component dB(pV)
VA - Ambient noise component dB(pV)
VD Logarithmic difference of VRMS and VAV
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SECTION 3 - MAJOR RESULTS OF THE ANALYSIS

3.1 FUNCTIONAL RELATIONSHIP OF Vp, Vav, AND Vrms WITH BANDWIDTH, b

a. A regression analysis was conducted by using the univariate linear
model, Y = a0 + aI log b + e, to determine the functional relationship of mea-
sured Vp, Vav , and Vrms noise data with the corresponding IF bandwidth of the

noise signal. The analyzed vehicle data are summarized in table VI for a 95-
percent significance criteria. Data on the vehicular component of the volt-
age, V v, and the ambient voltage component, Va, are listed in table VII for

comparison. A previous report (ref 1) defined parameters and showed that V
P

varies as 20 log b; whereas V varies as 10 log b. The ambient and vehicu-
rms

lar components (Va and V v) were also expected to vary as 10 log b. Overall,

these expectations were substantiated by the analysis results presented in
table VI.

b. As shown in table VI, large variations from the straight-line esti-
mate and relatively small correlation coefficients (i.e., r = 0.24 and 0.34,
respectively) for both V and V at the 23-MHz test frequency tended to maskv av

the log b rule. Only two values of bandwidth were tested at 900 MHz. This
resulted in very broad confidence limits for the slope of the straight-line
estimates for V and V

p v

c. In addition, a bivariate regression analysis was performed by using
the model, Y = a0 + aI log f + a2 log b + e, to show the relationship of the

selected parameter with frequency and bandwidth. The regression equations
with their appropriate estimates are summarized in table VII for each noise
parameter versus log f and log b. For this analysis, the noise parameter data
were referenced to the field strength which would be recorded at the antenna.
Vav and V were found to be highly correlated to the ambient noise compo-av rms

nent V . For this reason, when the straight-line approximation for the APD am-a
bient region had a nominal Rayleigh slope, indicating Gaussian receiver noise,
no attempt was made to reference the data for these three parameters back to
field strength.

3.2 PREDICTING MULTIPLE-VEHICLE APD CURVES FROM SINGLE-VEHICLE DATA

a. Assuming power additivity, the vehicular component Vv, given in terms

of dB(pV), from several vehicles should be the sum (in mean-square voltage un-
its) of the individual vehicle's V components. For all frequencies except 23v

MHz, different antennas were used in the single- and multiple-vehicle tests.
To make the data have a common reference, the difference in antenna gains (A)
was subtracted from the single-vehicle V values, and (m A/2) was added to the

v v
single-vehicle Kv values. (Refer to app 3 for detailed description of the

(Text continued on page 3-4)
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Weibull m and K parameters.) The m parameter, which is a measure of the

slope, remains unchanged; and the measured V values of the composite werev

compared with the corresponding calculated predicted values. The Weibull pa-
rameters m v and Kv of the predicted composite were obtained by treating the

receiver envelope detection as essentially picking the largest of independent
signals at a very low probability (P = 0.0001), and finding m and K that

x v V
gave the desired rms V by solving the implicit equations for mv and Kv

V - K + 10 log tr (a + -)J
v v

and

2
R=Pz = 10 log [-ln(PZ)] - Kv

where Kv = 10 log10 kv, and m are the Weibull parameters, and PZ is the

multiple-vehicle pivot probability, defined in appendix 3, paragraph 3.1.4.

b. Figure 19 is an example extract of a computer printout, which presents
the comparison results for each frequency. In the example, data from three
vehicles were used to calculate the predicted values of V v . A complete set

of computer printouts for all these tests are presented in appendix 3. Error
conditions were flagged with the notations indicated by the legend. Those en-
tries without flag markings on a "predicted" line are considered within bounds
and represent satisfactory predictions. As illustrated in figure 19, a ++ flag
on a predicted line is always paired with a -- or - on a measured line. Total
counts for all the various tests and multiple-vehicle configurations are sum-
marized in table VIII. As explained in appendix 3, paragraph 3.1.4.2, data
from certain tests which exhibited gross errors were discarded in constructing
table VIII. Out of the 105 multiple-vehicle tests analyzed, there were 13
cases in which the measured values of V differed from the calculated V by
more than 10 dB. v

c. Figures 11, 12, and 20 (see app 3 for additional plots) present exam-
ples of the fitted APD data for the multiple-vehicle tests and the individual
contributing single-vehicle component lines. The data high-lighted in figure
19 were used to construct figure 20. Squares are used to indicate the predict-

ed composite. The measured V is also indicated on this example. Crossesrums

on the single-vehicle lines mark where that vehicle's line intersected its am-
bient line. As shown in figure 20 for test 1, frequency 2 (75 MHz) and band-
width 3 = 30 kHz, this intersection occurs at a low probability value and a
level that is close to the highest voltage threshold level observed during the
test.

3.3 COMMUNICATION SYSTEM PERFORMANCE

a. As previously mentioned, tests were conducted during the vehicle
noise measurements to determine communication system performance on the fol-
lowing:

(Text continued on page 3-8)
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MULTIPLE VLKILE TEST 21 FREG * 2.3. ANZ 9 I1a. KIHZ
VVI1MS UEIIIULL X IMLOG(K) DO AT P-.0601, INhERSECT. AT P PLOT LIME

MEASUREWV 28.61 0.3975 -1.507 56.101 36.22 6.245 SOLID LINE
PREDICrED4 32.36 9.3019 Z4.831 56.91 35.6 0.9780 SQUARES
FR14 TEST I NaO DATA

8 29.28 0.3926 -1.526 56.91 36.12 06273 SHORT DASH
12 29.51 6.1760 -10.993 47.38 35.26 0.663 DOTTED LINE

uNIuHuu . .. u............ u..u.i.i.IUnUiUUUmnl.Uul•N.miUUni uU

* MULTIPLE VEHICLE TEST 21 FRED - 75. MW ON - 30. KKZ

VYVRMS W iBU.I. M 11.W(G(K) D AT P-.01. INTERSECT. AT P PLOT LINE

MIIEASUREDs * 44.20 0.2461 0.361 75.42 35.11 i 0529 SOLID LINE9 (II/EDICr'EDs- 39.1 0.2R5! -0. 271 69.60J 315.14 0.0P512 SWUARES
*FR4M TLST I 18.62 04908 -1.062 43.62 31.18 0.0017 LONG DASH

8 3 024 0.2345 1. 5t1 69.44 35.72 0.0246 SmiR" DASH
* 12. 31.54 9.3078 01.119 61.49 35.72 0.6249 DOTTED LINE

12 28.30 0.1930 3.932 5H.93 31.30 0.9069 DOTT1ED LINE

14ULTIPLE VEHICLE TEST 21 FREO - 3 0. AOL ON - 30. KHZ
VVW S WIEIBULL A IILOG(K) DO AT P..0001. IN/LRSECT. AT P PLOT LI.k

MEASUW-L)2 - 34.101 0.1841 3.611 64.03 35.77 0.6 669 SOLID LINE
P LODItCED ** 44.83 0.1462 4.452 11.03 35.84 0.OftI SUUARES
FWUN TLST I 44.31 8.1376 4.901 6d.81 36.16 0.0"1 LONO DASH

8 NO DATA
1Z 35.50 0. 1597 ,1.551 63.61 36.22 0.0039 DOTTED LINE

MULTIPLE VEHICLE TEST 21 FREU - 006. MHZ 00 , 3061. KNZ
VVRAS 1IcIULL A IULUG(K) DO AT P-.000 . INTtSEI'T. AT P PLOT LIN

MEASUREBI - 18.47 Q.1049 5.141 48.70 31.94 6.I66 SOLID LINE
PH[JIk:UED' * 36.24 0.1221 6.172 56.56 31.Y4 8.6615 SGUARES
Fu14 TOT I 35.97 8.1160 6.529 53.70 32.21 0.8 l LOW DASH

8 NO DATA
12 24.31 0.1351 6.385 46.23 32.38 0.W911 DOTTED LINE

LEGEND:

Test - Type of test as found in table III
VVRMS - Rms value of the vehicular component

WEIBULL M mv Weibull parameter value
10 LOG(K) - K Weibull parameter value

FREQ - Test measurement frequency
BW - Test measurement bandwidth

DB AT P-.0001 - Value of threshold at 0.0001 (See fig. 19
for example.)

INTERSECT. AT P - Coordinate values for the intersection of the
ambient and vehicular regions (See fig. 19 for
example.)

The meaning of the flags (+, -, ++, --) is as follows:
1. On a "measured" line, the measured Vv differed from Vv for a

contributing vehicle by between 5 and 10 dB (single sign) or

by more than 10 dB (double sign).

2. On a "predicted" line, the error in predicting Vv was
between 5 and 10 dB or greater than 10 dB, respectively.

Figure 19. Example extract of computer printout showing results of compar-
ison analysis between measured and predicted Vv values for
multiple vehicles.
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Equipment Communication System Type Frequency (MHz)

AN/GRC-106 SSB 23
AN/VRC-12 FM 75
AN/ARC-51 AN 300
AN/GRC-103 FM/PCM 900

b. The system performance data are shown on figures 13 through 16. An
examination of the plots indicated that, for the SSB system, vehicular noise
shifted the AS line by about 12 dB to higher (S/V rms ) values. For the FM, AM,

and FM/PCM system, vehicular noise shifted the AS lines, generally, to lower
(S/V rs) values.

c. This anomalous behavior is discussed in appendix 3, paragaph 3.3,
where it is concluded that V Ma, and indeed, all envelope parameters measured

with the NATE receiver do not represent the signals that were present in the
communication system. Several reasons are given.

d. The FM/PCM system was tested only at a signal level of I dB above
the loss of synchronization. This was done because even I dB of added signal
brought the system up to essentially clear-channel operation.

e. Examination of the S level required for a given level of performance
(table V, all tests except 29) reveals that, for the FM/PCM system (AN/GRC-
103) performance is strictly a function of signal level. Even with 12 vehi-
cles there is no significant shift in the signal level required to maintain
synchronization. The same is true for the SSB system (AN/GRC-106) with fewer
than 6 vehicles. It appears that in these cases, performance is determined
by the test receiver's internal noise level, rather than the vehicular noise.
For the AM system (AN/ARC-51), the AI-versus-S curves fall into two groupings.
Tests 30 and 21 (0 and 3 vehicles) are essentially identical, and tests 15,
17, and 16 (1, 6, and 12 vehicles) are almost identical. V appears to be
the determining factor for the AM system.

f. The data for the FM system (AN/VRC-12) shows severe degradation in
the 6-vehicle test, and a very steep slope of the AS versus S/Vrms line. The

fit for test 30 (no vehicles) suggests that the ambient level may have changed
while recording the AS test message at the middle signal level. A plot of AI
versus S/Vrms is much more consistent for the no-vehicle test, and displays

the steep slope generally associated with FM system performance. Generally,
the slope decreases as the interference becomes more impulsive, and indeed,
that was observed in the tests with 1 and 12 vehicles, but not for 3 or 6 ve-
hicles.
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APPENDIX 1 - TEST VEHICLES AND COMMUNICATION SYSTEMS

1.1 TYPES OF VEHICLES

Commercial vehicles were used, because military vehicles were not

available, except for the "Wheels" truck, which is a comercial vehicle

adapted for military usage.

The test vehicles were powered by gasoline-fueled internal combustion

engines. Table 1-I lists the vehicles with their identification numbers,

number of cylinders, year, make, model, and mileage. As indicated, tests

were conducted on eight-, six-, and four-cylinder vehicles from various

manufacturers. The first vehicle listed is the "Wheels" truck, which was

previously tested and used for comparison purposes (ref 4).

1.2 TYPES OF TACTICAL COMMUNICATION SYSTEMS

Performance tests were conducted on the communication systems listed

in table 1-II. These systems cover the frequency range from 20 to 1000

MHz and use various forms of modulation/demodulation.
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APPENDIX 2 - MEASUREMENT INSTRUMENTATION
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2.1 FIELD INSTRUMENTATION SETUP

2.1.1 NATE System Description

a. The Noise Automatic Test Equipment (NATE) system automatically moni-
tors and records electromagnetic environmental noise data. The system is in-
stalled in a van, a configuration which permits the system to be easily trans-
ported to remote test sites.

b. The overall block diagram of the NATE system is shown in figure 2 in
the main body of the report. The computer control portion of the system is an
HP-9845A Desk Top Computer. The HP-9845A also, on completion of the APD run,
provides a tabular and graphical printout of the measured data. The REF receiver
consists of a balanced mixer, a programmable local oscillator, and tunable band-
pass filters covering the frequency range 10-1000 MHz. The spectrum analyzer
is an HP-8568A.

c. As mentioned above, the NATE system was configured for the specific
purpose of the collection of near real time (NRT) electromagnetic environmen-
tal noise data. During the collection process, the data are verified and re-
corded automatically by the system. This is done through the use of prompting
instructions generated by a computer program and supplied to the NATE operator
via the cathode ray tube of the HP-9845A. Figure 2-1 has been expanded to in-
clude the component items of NATE. Table 2-1 is a listing coded to figure 2-1
of these components with manufacturer's model numbers, serial numbers, cali-
bration due dates, and appropriate remarks.

2.1.2 System Operation

a. The NATE system is sequenced and controlled by a program specifically
designed for the vehicle noise measurement task. The program, contained on a
prerecorded tape cassette/disk, is called VEHICL.

b. A flow diagram of the noise test as controlled by the "VEHICL" program
is shown in figure 2-2. The HP-9845A as employed with the program accomplished
the following:

(1) Using the prerecorded tape cassette/disk program as a source, the
program was read into the computer memory.

(2) The test operator was, prompted to select tape data output form
required and tv designate the test code.

(3) The display showed the test parameters for the particular subtest
code under investigation and prompted the test operator to change the desired
variable, if necessary (initial -values of variables are assigned by the computer
according to the test code selected). Such variables are vehicle (or vehicles)
to be tested, the antenna separation, the test frequency, and the required RF
bandwidth. The display prompted the operator to switch the NATE input to the
calibrated noise source.

(Text continued on page 2-9)
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(4) The operator initiated the noise calibration APD test and the
data were stored in the computer. The noise source was switched off, and the
NATE input was terminated in its characteristic impedance.

(5) The operator initiated the system noise test, and the data were
stored in the computer. The input termination was removed, and the test antenna
was automatically connected.

(6) The operator initiated the ambient noise test (vehicles not run-
ning), and the data were stored in the computer.

(7) Operator determined from test plan whether Al/AS tests were to
be run on one of the communication systems. If so, the communication system
was started, the vehicle (or vehicles) were started, and the AI/AS tests were
made, and controllable vehicular noise was injected into the communication sys-
tem. The received audio signals were recorded for AS determination by crews
of trained listeners.

(8) In the event that AW/AS tests were not conducted, step 15 was
not performed and the test proceeded. With the vehicles running, the vehicular
noise test was initiated by the test operator and the data stored in the com-
puter memory.

(9) The complete test data for this subtest were stored for later
analysis and/or could be plotted for im.;ediate analysis.

2.2 CALIBRATION

2.2.1 Introduction

Calibration tests were performed on the NATE system. Three types of tests
were conducted. The first, the noise figure test, established that the NATE
receiver was functioning as planned. The second, the continuous wave (CW) test,
was made as each shift of testing was begun and demonstrated that the NATE sys-
tem was functioning uniformly. The third, the Gaussian noise calibration, was
made as part of each vehicle noise test, and the measured value was printed on
each data sheet. Calibrated antennas were used with the NATE to measure the
vehicular noise.

2.2.2 Description of Calibration Tests

a. Noise Figure test

This test was conducted to determine that the NATE receiver would
perform its intended function. The steps in the measurement are as follows:

(1) The "Y-Factor" method shown in figure 2-3 was used to provide
noise figure (NF) data as a function of frequency and bandwidth.

(2) The calibrated Gaussian noise source was connected directly to
the NATE receiver. This source was not energized, that is, operated in the
"cold" position.
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(3) The NATE receiver was energized and tuned to 23 MHz, and the
resolution bandwidth and video bandwidth of the spectrum analyzer were set to
3 kHz.

(4) The power detector was set to a convenient reference level.

The level was recorded.

(5) The noise source was energized.

(6) The IF attenuator setting was increased until the power detec-
tor reference point was reached. The value of the noise source (35 dB) minus
the value of the IF attenuator setting constituted the NATE noise figure and
was recorded.

(7) Procedures (1) through (6) were repeated for each receiver tuned
frequency; that is, 75 MHz, 300 MHz, and 900 MHz, and for spectrum analyzer re-
solution and video bandwidths as shown in table 2-I.

b. Continuous-Wave Test

This test was made to determine that the NATE system performance had
not deteriorated during the previous shift. It was made by the incoming test
crew.

(1) The CW source was located in the NATE van.

(2) The CW source had an output impedance of 50 ohms and a frequency
range of 10 MHz to 1 GHz.

(3) A fixed level (-110 dBm) at 23 MHz was connected to the NATE an-
tenna terminal.

(4) The spectrum analyzer was set to l0-kHz bandwidth, I-MHz span,
and a scan trace of 20 milliseconds.

(5) The indicated level on the spectrum analyzer was noted and com-
pared with previous readings.

(6) The above cycle of testing was repeated for 75, 300, and 900 HHz.

c. Gaussian Noise Calibration

This test was conducted to provide an individual noise calibration for
each APD noise test.

(1) The calibrated noise source provided an excess noise ratio (ENR)
of 35 dB relative to thermal noise at 290* Kelvin (ENR - 35 dB > kT b), for a0
frequency range of 10 MHz to 1.5 GHz, with the output flat within ± 0.5 dB.

(2) The noise source was connected at the NATE antenna terminal as
shown in figure 2-1 at the start of vehicular APD test.
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(3) The NATE operational frequency and bandwidth were selected for

the previously established test codes (see tables II and III).

(4) Then an APD test was conducted and the calibrated rms noise level
was mea .ed and stored in the computer along with the vehicular noise data.
The calibrated noise source with an ENR - 35 dB > KT b, therefore, provided a

measurement reference for the NATE system and verified accurate system operation.

(5) After the conclusion of the APD test, the data, including the
calibrated rms noise level, were printed in the standard format shown in the
example of figure 6 by the HP-9845's automatic printer/plotter.

(6) The calibrated rms noise level, as measured by the NATE system,
is given under the column heading Cal. RMS. As shown in the example of figure
6, the value measured was 52.6 dB(VV). Using figure 7 and noting that the mea-
sured values of rms voltages as stated in the standard formatted table (see
figure 6) include a IF gain factor of 40 dB, the calibrated noise level can be
verified to be the quantity 35 dB > KT 0b. Applying figure 7 and the IF gain

factor results in 52.6 dB(PV) - 40 dB + 67 dB - 10 log (30 kHz) Z 35 dB > KT b

where 6 is the spectrum analyzer bandwidth of 30 kHz.

2.2.3 Description of Calibrated Antennas

Three different calibrated antennas were used in the vehicular noise tests.
The calibration on each antenna was provided by the manufacturer documentation.
The antennas are shown in the following table together with the antenna factors
for each. The antenna factor is a value given in dB, which, when added to the
voltage (in dBV) at the receiver input terminal, will provide the electric field
strength at the antenna in dBV/m.

Antenna Factor

Antenna

Type 23 MHz 75 MHz 300 MHz 900 MHz

Biconical 11.6 7.6 N/A N/A

Log Periodic N/A -1.6 22.4 32.0

Dipole N/A N/A 17.9 27.5

N/A - Not used at this frequency

2.3 ARTICULATION SCORING

2.3.1 Scoring of Voice Communications Equipment

a. The determination of the performance of a voice communications link
requires the evaluation (scoring) of the audio output of the link under condi-
tions of controlled interference. This is accomplished by monitoring the audio
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output to determine the effect of various signal-to-interference ratios (S/I)
on the quality of this output. Two types of scoring are generally used for
this type of analysis: the articulation index (AI), which is a numerical out-
put from an electronic analyzer; and the articulation score (AS), which is de-
termined by a human operator.

b. AI is a derived measure of intelligibility based on weighted S/I in
several audio frequency bands of equal intelligibility contribution. Al is
measured by means of an electronic analyzer that outputs a score from 0 to 1.0
as a measure of the quality of a test tone sent over the test link. If no de-
gradation to the test tone exists, the analyzer assigns an AI of 1.0; and if
the test tone is completely masked by interference, the analyzer assigns an AI
of 0. The AI, monitored and recorded during the conduct of the test, becomes
a record of the effect of each interference condition on the voice link.

c. The AS is a measure of the percentage of phonetically balanced words
in a test message correctly scored by a team of trained listeners. In prac-
tice, team members listen and respond to recordings of the test message derived
from the ouptut of a test link into which interference has been introduced.
Team subjects are screened to eliminate those whose hearings characteristics
are nonrepresentative of the norm and trained on a series of tape messages for
which standardized scores exist. The purpose of this training is to "calibrate"
the response of each team member. Phonetically balanced words are used in the
test message so as to be representative of English language sounds. The test
message, consisting of word-group recordings, each containing 50 monosyllabic
words per group mixed with interfering signals, is played to the listeners and
their response is observed. Upon hearing a word, each listener presses a but-
ton on his console corresponding to the word he thinks he hears. After all
listeners have responded, the responses are automatically recorded on punch
cards for subsequent computer processing. The final result is the AS. The
system insures against the memorizing of word lists by using each team member
for only short periods of time with at least a year between each period of duty.
The system provides for the evaluation of test links under closed-link condi-
tions in a workshop, or recordings taken at remote sites under field conditions
may be evaluated at the listener facility.

d. For communications equipment that has no previous testing history, it
may be necessary to establish a correlation between the AI and AS values. This
correlation provides a check of the performance of the equipment, in terms of
effect on a human operator's understanding, at various AI and S/I levels. To
accomplish this, tape records at specific S/I levels are scored by listener
teams to obtain the corresponding AS values. It has been found that an AI
score of 0.3 generally represents 50-percent intelligibility (AS), and an AI
score of 0.7 represents a signal that is nearly 100-percent intelligible.

2.3.2 Voice Interference Analysis System

a. The Voice Interference Analysis System (VIAS) provides an automated
means of scoring analog (voice) communications links by electronic measurement
techniques. The output of the VIAS is a numerical value called articulation
index. The articulation index is directly correlatable to the articulation
scores obtained by trained listeners in the Scoring Facility.
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b. In the VIAS method of computation, the speech frequency spectra be-
tween 200 and 6100 Hz are divided into 14 equally contributing bands. The
signal-to-noise ratio (S/N) in each band is determined. This ratio is expres-
sed log-arithmically on a scale where unity (fully contributing to speech in-
telligibility) corresponds to an S/N of 18 dB. Ratios above or below these
values are rated as unity or zero, respectively. The individual band contri-
butions are summed and divided by 14. The result is the articulation index.
Speech power in any given band contributes as much to the total articulation
index as the speech power in any other band. The bandwidth of each of the 14
bands is carefully chosen to permit the articulation index calculation to be
made.

c. No speech is actually transmitted in the VIAS. Instead, a modulated
pilot tone located near the peak of the normal speech spectrum is used to pro-
vide a reference level. Because the shape of the speech spectrum is known, the
levels of speech can be directly inferred for the machine calculation.

d. Initially, the set-level tone (an unmodulated 950-Hz tone) is adjusted
to the audio level at the input to the transmitter-to-receiver, voice-modulated
ratio link under test. The standard VIAS test signal is then applied for system
measurement. The operate signal, a 950-Hz tone triangularly amplituded-modula-
ted at 5 Hz, modulates the transmitter. The average output level of the opera-
ting waveform corresponds to the average power of the speech waveform. The out-
put voltage of a receiver under test includes components of the pilot tone which
represent the speech output and noise components related to the interference.

e. A filter then separates the pilot tone components from the noise com-
ponents. The tone provides a slowly varying direct current which controls the
gain of the log amplifier. Because the 950-Hz pilot tone has been removed by
filtering, the actual output of the log amplifier is the noise component of the
received signal. The gain of the amplifier is being controlled by the 950-Hz
reference, and therefore the noise amplitude is proportional to the signal-to-
noise ratio.

f. Two shaping networks weigh the frequency distribution of the noise in
a manner inversely proportional to the method used with the normal speech spec-
trum. Thus, at this point in the system, the noise spectrum level at any fre-
quency is made proportional to the noise-to-speech ratio for the same frequency
at the input to the system under test.

2.4 AMPLITUDE PROBABILITY DETECTOR

a. The amplitude probability detector is an instrument that provides the
following statistical data: amplitude probability distribution (APD), average
crossing rate (ACR), average voltage (V av), and root-mean-square voltage (V rms)

of an input signal waveform. The operational modes of the instrument are: (a)
a manual mode, which permits measurements of a threshold level corresponding to
a single preset probability; (b) an automatic mode, which sequentially measures
the levels for all preset probabilities; and (c) a remote mode, which permits
total remote control and automatic data retrieval. The instrument has an in-
ternal calibrator with an upper and lower point that references the amplitude
scale in dB to input signal level range (window).
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b. The prinicipal function of the amplitude probability detector is to
provide the APD of an input signal waveform. This is done by determining
whether the waveform exceeds some threshold level with a selected probability
for some test time. The instrument functions through the use of a threshold
level generator, a threshold detector, two pulse trains, and an up/down counter.
Test time can be set to 0.5, 1, or 5 seconds. The probability levels which can
be selected are 0.0001, 0.0005, 0.001, 0.01, 0.02, 0.05, 0.1, 0.2, 0.3, and 0.4.
The instrument measures the threshold level for a specific probability within a
voltage window established during the self-calibration cycle. This window can
be adjusted so that there is a prescribed number of levels within the window;
for example, 100 levels in the 0- to 1-volt range. When the test cycle is ini-
tiated, the probability function in the amplitude probability detector is set
either automatically or manually to any one of the ten values specified in the
preceding. The device will then, beginning at the upper calibration-point, and
under software control, cause this level to decrease sequentially while sampl-
ing the input signal. This process will continue until the probability level
matches the preset probability (frequency of occurrence) associated with some
level of the input signal.

c. The instrument also measures the ACR by determining the average number
of positive crossings of an input signal with respect to a given threshold dur-
ing the test time. In addition to measuring APD and ACR, another set of cir-
cuits samples and digitizes the input signal waveform. The digital represen-
tation is then used to calculate the V and V of the waveform.

av rms
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APPENDIX 3 - DATA ANALYSIS AND RESULTS

3.1 WEIBULL DISTRIBUTION AS APPLIED TO VEHICULAR NOISE DATA

3.1.1 Basic Relationships

The raw data plots of the amplitude probability distribution (APD) function
(see appendix 5) showed that two straight lines could be fitted very closely to
the data when the threshold envelope level, in dB re rms, was plotted against an
X-axis proportional to -log [-in (Probability)] . These findings were expected,
based on prior test results (ref 6). Such a straight line fit implies that,
within a region of applicability,

R = a (-log [-in P(R)]) + b (3-1)

where R is the threshold level in dB(pV) at an exceedance probability P(R),
with a as the slope of the line and b as the intercept. If we define

r = threshold envelope level in PV

20
m

b = aK/lO

with K = 10 log k

2
then R = 20 log r 1 10 log r

= -2 [10 log (-In P) - K] [dB(V) (3-2)
m

or 10 log [-in P(R)] - R + K = 10 log fk(r 2 )m/ 2  (3-3)

thus -ln P(r) - kr m

and P(r) - exp I-kr }  (3-4)

If the APD plot consists of but one straight line, so that the equation
is good for all r > 0, then the probability density function of r is given by:

p (r) dp(r) (r > 0)

dr
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Uk1ar 1 exp I- krm~ (r>O0) (3-5)

This is a well-known form, called the Weibull probability density function With
parameters m and k. It has several interesting properties. For example, if in

-2 and k is redefined as (2a2)1,' then

p (r) - -- exp r 36

which is known as the Rayleigh probability density function. The moments of

the distribution also have an interesting property. The n thmoment is given by

E[rn f r n p(r)dr

=f rnkmrml1 exp 1-k dr (3-7)

0

If we let

m

dt = mr M1dr

then r n t /

and E[r n] k f t n/m exp Akt~ dt (3-8)

0

With z1+ n/m,

E[rn]= kfli kz[ tz-l exp [-kt] d

. kn/mr (z)

_ kn/m r (1+.a) (3-9)
in
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where r(.) is the gamma function.

Taking 10 times the log of both sides gives

10 log Efr n ] 
-n K + 10 log [r(. + (3-10)m I ~

Of special interest is the case where n - 2. Then the mean squared envelope
value in dB terms is:

10 log (Efr2) - K + 10 log raC + 1~)] (3-11)

and since

V A 20 log (E[r2])l/2 (3-12)

V =-Z K + 10 log [r(l +2) [dB(pV)] (3-13)rms m mJ

The threshold level in dB re rms for a given probability P is given by
[combining equations 3-2 and 3-13]:

R-V 20 log -in P] 10 log [r(1+ 2)l (3-14)rms m I I MJ

Equations 3-2, 3-13, and 3-14 are very important when applying the Weibull
distribution to vehicular noise data, as in this study. Equation 3-2 is easy to
solve with a hand calculator, but 3-13 and 3-14 involve the gama function, which
is difficult to work with without a computer. Therefore, nomograms of these lat-
ter equations are provided in figures 3-1 and 3-2.

3.1.2 Separating APD Plots into Vehicular and Ambient Components

A receiver always has a background level of receiver noise. When the re-
ceiver is connected to an antenna, the signal in the IF becomes the sum of re-
ceiver noise and whatever other signals may be present. The envelope of the
IF signal is a composite of the various signals and internal receiver noise.
In this study, we use the adjective ambient to describe the composite envelope
signal when no test vehicle is turned on. Thus, the ambient signal is receiver
noise plus whatever other man-made, atmospheric, or galactic noise may be pre-
sent. If receiver noise dominates over the other ambient noises, the ambient
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noise is Gaussian; if the converse is the case, the ambient may be very non-
Gaussian. The latter was found to be the case in many tests of this study.
If vehicular noise is present, it provides an added component to the IF signal.
If the receiver is operating linearly, these various components are additive
in a mean-square sense. That is, the mean-square composite signal equals the
sum of the mean-square value of the various components.

In nearly every case, the APD plots of this study showed a very sharp trans-
ition in slope when vehicular noise was present. This suggested the possibility
of assigning the higher level, low-probability portion of the plot entirely to
the vehicular component and the lower level, high-probability portion entirely
to the ambient. See figure 3-3 for a sample plot. In the figure, piecewise
linear regression techniques have been used to fit the straight lines, which,
as discussed in 3.1.1 above, imply Weibull m and k parameters. In the example
shown,

m - 1.763 K = 10 log k = - 20.08aa a

m - 0.258 K -10 log k - 1.706vv v

where a and v subscripts are used to indicate applicability to the ambient and
vehicular regions.

From the two sets of m and k values, equation 3-13 was used to calculate
hypothetical envelope rms components V and V . The values are hypothetical,a v
because the actual envelope is due to a nonlinear composite of the ambient and
vehicular IF components. However, these hypothetical components imply ambient
and vehicular mean-square levels in the IF, because the mean-square envelope
value is twice the mean-square value of the IF for an ideal, 0-dB gain envelope
detector. The proof of this follows easily from

E [v2F (t - E [r2(t) cos2(wIt +0(

- E r2(t) .[1+ Cos (2 WI t + 20(t)) (3-15)

where r(t) - envelope function

0(t) - phase function

It follows, therefore, that V of the composite envelope should be given,
rms

to a close approximation, by

0log [r21 1/2
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V/bl v/10

Vrm s  20 logv rms  - 10 log 10 a + 10 V (3-16)

where v is the composite envelope root mean square in microvolts.

The equation is only approximate because:

(1) There is undoubtedly some interaction between the vehicular and am-
bient components near the region of intersection on the APD plots, and

(2) at very high levels (low probabilities) the APD curve must bend over
from the straight line of the Weibull fit.

Factor 2 can be very important and lead to significant errors when m is
very small. This can be seen from the nomogram in figure 3-2, which shows
that for m < 0.09 the bulk of the rms noise is provided by noise levels at pro-
bability levels below 0.0001.

A full set of ma, Ka, Va, my, K, and V values fitted to the test data is

given in section 3-4. In the table, the "raw data fit" values are given on the
first of two paired lines. The second line, the "adjusted" line, has values
after the process of pivoting has been applied (see para 3.1.3, following). The
table entries on the first line under the heading "VTRMS" are the measured V

rMs
values in dB(PV). Also given are the threshold level and probability at the
point where the lines intersect. Asterisks beside a V entry indicate thatrms
the measured V was less than V . This represents an error case. In allrms a
cases w-rre this occurred, the amount of error was within reasonable tolerances
for experimiental error for the two ways of measuring levels in the APD analyzer.
A value of ma = 999.99 is used to flag cases where the slope of the ambient line

was zero, implying an infinite value of m.

The point of intersection of the vehicular and ambient lines is found as
follows:

Let Xi 10 log (-ln P) (3-17)

so that X is proportional to linear distance along the X-axis of the APD
plot. Then by equation 3-2, intersection occurs when

2
RI  2 (X + K)m I aa

2 (X + K (3-18)
m 1 +Kv
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where the I subscript refers to values at the point of intersection.
Solving for X1 gives:

Km -Km

X av M va (3-19)
a v

whereupon RI can be found from equation 3-18. The probability at inter-

section is, from equation 3-17,

PI exp 1 10 _ (3-20)

The m and K values in this report were determined by least-squared regres-
sion equations. However, "eyeball" fits of straight lines to APD data can be
used to provide reasonably good estimates of m and K by the following simpli-
fied technique [which is easily derived from equation 3-2]:

1. Plot threshold levels in dB(iV) versus probability, where the P axis
is scaled by X - 10 log (-ln P), as seen in the figures of this
appendix.

2. Using engineering judgment, draw straight-line approximations to the

ambient and vehicular regions.

3. Pick two points, (P., R1 ) and (P2 ' R2), on each segment.

4. Estimate each segment's m and K parameters by:

20 (log (-in P1) - log (-in P2)
]

M - R(3-21)

K - R1 + 0 log (-inP1) (3-22)

5. Then, if Weibull parameter K is desired:

k - 10 K/
IO  (3-23)

(But the logarithmic parameter k is usually easier to work with.)
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3.1.3 Pivoting the APD Component Lines

The m and K values estimated from measured data are obviously subject to
some error. If we make use of available a priori knowledge, we should be able,
in some cases, to come up with better estimates than those provided by least-
squared error regression techniques. As a case in point, it is well known that
Gaussian noise at IF yields a Rayleigh distributed envelope function, which, as
stated in equation 3-6, is a Weibull distribution with parameter m - 2. Since
receiver noise is Gaussian, one would expect that at higher frequencies, where
man-made noise (other than measured vehicular noise) on a clear channel and at-
mospheric noise are negligible, the Gaussian case, with a Rayleigh "slope param-
eter" of ma - 2, should predominate.

Using the above rationale, ambient component APD lines with m = 2 werea

adjusted to yield lines that had a "Rayleigh slope," i.e., m - 2. Note thata

the actual slope of level R versus X - -10 log (-ln P) is -2/ma (see equation

3-2). To ensure that changing m from the value determined by the least-squareda

error fit to measured data to ma - 2 did not grossly contradict the measured

results, two criteria were employed:

(1) The measured slope had to be within 20 percent of the Rayleigh slope,
i.e., - 2/m - - 1 ± 0.2,a

(2) the altered line had to pass through the midpoint of the data over
which the least-squared regression line was estimated, i.e., at a point on the
X axis of X - 0.5 [X1 - 10 log (-ln 0.4)] where, as above, X is the inter-

section of the vehicular and ambient lines.

With some thought, it is apparent that the altering of m to the Rayleigh
case of m - 2 means pivoting the ambient line on the APD plot about the pointa

(R , X ), where X is as given above and R is the threshold level predicted
p p p p

from a least-squared error linear regression of the measured data, with R
given by equation 3-2: p

R --- (X + K) (3-24)
p m p aa

An example of the pivoting process may be seen in figure 3-4. The figure
is for example only, because the slope of the ambient line differs greatly from
the Rayleigh slope.

Vehicular component APD lines were similarly pivoted, based on the a priori
knowledge of the measured mean-squared composite value, and the deduced ambient
component--again with certain restrictions, so that measured data would not be
grossly violated. The a priori knowledge is that
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V1 - 10 log iOvrms/10 - 10V a/10 (3-25)

which follows directly from the property of additivity (in a mean-squared volt-
age sense) of vehicular and ambient components in the IF (equation 3-16).

The prime on V is used to indicate the theoretical value, based on the
v

measured composite V and the deduced ambient component. New values of m
rms v

and K were sought which would make V, given by equation 3-13, equal to Vt
v v

and have the APD line pass through the point (Xpv, R pv

where:

Xpv" 0.5 [XI - 10 log (-ln 0.0001)] (3-26)

R (X +_K (3-27)
pv m v pv vv

Once again, the amount of pivoting was restricted to a 20-percent maxitmum
change in slope, and was only done when V exceeded V by at least 1 dB, sorms a

that a reasonably good estimate of Vt could be made.
v

The pivoting process was implemented by solving the error equation:

ER -V +- - X + 10 log [r( +1 0 (3-28)E pv v m v  pv viv

(c.f. equation 3-14) for my by Regula Falsi techniques. As may be seen from

the nomogram in figure 3-2, such an "m may be impossible to find for certainv

values of (R - V) and X . In such cases, the m selected was that whichpv v pv v
gave the smallest error.

An example of the pivoting process is given in figure 3-4. Results of
the pivoting process are given in section 3.4, on the line labeled "adjusted."
On that line, entries in the column labeled "VTRMS" are predicted values of
VrWs, based on the computed Vv and Va component values. An R next to a value

of ma flags cases where the ambient line was pivoted to a Rayleigh slope, and

a + or - sign next to an adjusted V value flags cases where predicted and
r3s
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measured results differed by more than 3 dB. Two plus signs flag cases where
the error was more than 6 dB.

Plots of the data are given in section 3.5 for those cases where predicted
and measured V differed by more than 3 dB.rms

3.1.4 Multiple-Vehicle APD Prediction

3.1.4.1 Theoretical Considerations

When a receiver has noise from two or more vehicles, it is reasonable
to assume that the mean-squared IF signal of the combination is the sum of the
mean-squared components of the individual vehicles. This implies additivity of
the mean-squared envelope components:

Vvl,n 1 I0 log 10v
vi /10 (3-29)

where

Vvi - vehicu'.ar component for vehicle i in dB(pV)

V -l,n - vehicular component for the combination of n
vehicles in dB(PV)

If we are interested in the amplitude distribution function for the com-
bination of vehicles, the problem becomes very difficult because of the non-
linearity of the detector. Three different methods were tried to develop the
distribution of the sum of vehicular components. The first was to approximate
the envelop detector response as taking the sum of the individual component
envelopes. This yields the convolution integral, which for two vehicles gives:

P(z) " J P1 (r) p2 (z - r) dr (3-30)

where

Pl(rl) - density function of the envelope for vehicle I
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P2(r2)- density function of the envelope for vehicle 2

PS(z) density function of z - r1 + r2

Due to the high dynamic range of the Weibull variates, this is a difficult
convolution to perform on a digital computer, requiring very small intervals
and very many calculations for even the two-variate case. And the accuracy is
not good, because the mean-square of z will not be equal to the sum of the mean
squares of r1 and r2.*

A second approach was to model the detector as simply taking the largest
of independent Weibull variates:

z W max I{r1 , r2 ...r

This yields an easily computed form for the exceedance probability of z (ref 8):

n

Pz) - 1- [1 - Pi(z)] (3-31)
i-l

Due to the low duty cycle of vehicular noise, it is unlikely that noise
pulses will significantly overlap unless several approximately equally noisy
vehicle signals are present simultaneously. This is highly unlikely to occur,
so equation 3-31 would seem to be a reasonable approximation for many applica-
tions. It is very difficult, however, to determine the mean-squared value of
z from equation 3-31, to see how much error accrues from the approximation.

Examination of APD plots for multiple-vehicle tests (see app 5, test codes
16-24) showed that the vehicular component region is essentially Weibull, i.e.,
a straight line on the graphs, as was the case for single vehicles. This sug-
gested the following model: the detector is considered as taking the largest
of Weibull variates at a very low prbbability level of P : 0.0001, with the
Weibull distribution of the composite envelope having m and K parameters that
pass through that point on the APD plot and also give an rms level as required
in equation 3-29. The procedure used was to keep track of which vehicle gave
the highest 'hreshold level at P a 0.0001, then finding the probabilities at
that level for all the other vehicles, to come up with the overall exceedance
probability for that level (P z) by equation 3-31. Values of m and K were then

*The instantaneous values in the IF are additive, but not the envelopes, since
phase is important. A precise calculation of the composite distribution, given
component amplitude and phase distribution, could have been made using Monte
Carlo techniques. Such effort did not seem justified for this study.
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found to give the desired Vvl,n (equation 3-29) by the same Regula Falsi tech-

nique as was used in line pivoting with P being the pivot point (see equation
3-28.) z

Different antennas were used for single-vehicle tests than for multiple-
vehicle tests for all frequencies except 23 MHz. This meant that an additive
(in dB) correction factor, A, had to be applied to the single-vehicle data, to
make their envelope statistics commensurate with those for the multiple vehicles
(section 3.2.2, below). The my parameters were assumed to be unchanged by the

gain adjustment, and K vvalues were shifted by mvA/2 to yield the desired vehi-

cular rms component (equation 3-13). The extent of error introduced by this
procedure could not be determined.

3.1.4.2 Results of Multiple-Vehicle Predictions

Section 3.6 presents the results of the multiple-vehicle APD predictions.
In terms of notations used in this text, the tabular headings of the table are:
Vv my, Kv , R. 001' RI, and PI. The table gives values based on the multiple-

vehicle measurements, predicted values of the parameters, and the results ob-
tained from the prior single-vehicle measurements for those vehicles involved.
Because the ambient line for the multiple-vehicle tests is independent of the
vehicles, the "predicted" ambient values are those given in section 3.4 for
the multiple-vehicle test codes (16 through 24). A + or ++ beside a line for
measured data indicates that the "measured" (actually, deduced from the pivoted
vehicular line) V in the multiple-vehicle test was greater than V for anyv v
contributing vehicle by 5 or 10 dB or more, respectively, a possibly erroneous
condition. Similarly, - or -- is used to flag occurrences where the multiple-
vehicle V was less by 5 or 10 dB or more than the largest V value for a con-v v

tributing vehicle. Similar flags next to the predicted V value flag 5- and
10-dB error of prediction cases.

Errors in prediction can stem from a variety of causes:

(1) Inaccuracy of the model.

(2) Errors in compensating for antenna gain differences between the
single-vehicle and multiple-vehicle tests.

(3) Errors in estimating my and K .

(4) Errors in assuming that vehicles emitted noise with the same
statistics at the time of the single-vehicle test and at the
time of the multiple-vehicle test.

(5) Near field and reradiation effects when more than one vehicle
is placed in proximity to the receiving antenna.

The reader's attention is called to entries in the table of section 3.6
for test code 18, frequency - 23 MHz, and test codes 19 and 20, frequencies -
23 and 75 MHz. In almost every case, the measured V was below the largest

v
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Vv for a contributing vehicle by better than 10 dB, and in some cases by better

than 20 dB. An examination of the raw data plots for these cases (app 4) re-
veals that in each case the measured ambient region of the curve was virtually
identical to the plot for receiver noise only, a situation that is nowhere else
observed in the data for tests conducted at those frequencies. It is concluded,
therefore, that for some reason, signals from the biconical antenna used for
those frequencies were greatly attenuated before they reached the NATE receiver
input. Whatever the cause, the multiple-vehicle data for those test codes and
frequencies are considered to be invalid, and should not be used in assessing
the relative merit of the model.

Plots of several of the multiple-vehicle measured and predicted APD are
given in section 3.7. Other examples may be found in the main body of the re-
port. The figures show both vehicular and ambient lines for the multiple-ve-
hicle test and vehicular lines for the contributing vehicles. Squares mark the
predicted vehicular line. Which line goes with which vehicle is indicated in
section 3.6. A + sign on a component line shows where the vehicular and ambi-
ent lines intersected at the time of the single-vehicle test. In the list of
test codes at the top of the figure, the first value is the test code for the
multiple-vehicle test and the remaining values indicate which vehicles (num-
bered 1 through 12) were involved in the test. The line labeled VRMS marks the
measured value of V for the test. Frequency and bandwidth codes are definedrms
in the introduction to section 3.7.

A summary of error flag occurrences is given in table 3-1 for each fre-
quency and for all frequencies combined. In 66 out of 105 cases, predicted
V values were within 5 dB of the measured values. In 92 cases, the errorrms
was less than 10 dB. There were three cases in which the predicted values were
too low by more than 10 dB. Two of those cases were for the two-vehicle case
of test code 24 at a frequency of 75 MHz. In the other case, there were no
data available on two of the three vehicles in the test. There were 10 cases
in which predicted values were too high by more than 10 dB. These errors oc-
curred most frequently at f - 900 MHz and b = 300 kHz. The "measured" Vv was

less than the V for one of the contributing vehicles by more than 10 dB in 7v

out of the 10 cases, and from 5 to 10 dB in the other three cases.

None of the three multiple-vehicle prediction techniques is very satisfac-
tory in predicting the multiple-vehicle APD line. In many cases, equally good
or, sometimes, better resAts would have been achieved by simply picking the
vehicle with the largest Vv value (call it V vm) and shifting its APD plot by
(Vl,n vm).

3.1.5 Comparison of ma with Middleton's Rayleigh Slope

David Middleton has done extensive theoretical work on amplitude probabi-
lity distribution functions of the IF envelope of a receiver (ref 9 and 10).
His model is geared toward the "real world" case of various and sundry dis-
persed noise emitters and their effect on the receiver. This is somewhat dif-
ferent from the case studied here, where vehicular noise was studied over a
time frame in which the vehicles were stationary, quite close to the receiver,
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TABLE 3-I. GROSS ERROR SUMMARY OF OCCURRENCES

Measured
P - I S + ++ Total

FREQUENCY 1

0 0 0 0 0 0
- 0 0 0 0 0 0

SP 0 0 8 0 0 8
W + 0 6 2 0 0 8
' -++ 0 1 0 0 0 1
Total 0 7 10 0 0 17

FREQUENCY 2

- 0 0 0 0 2 2

- 0 0 0 3 2 5SSP 0 0 18 5 0 23
+ 0 1 2 0 0 3
-++ 1 0 0 0 0 1

Total I 1 20 18 4 34
FREQUENCY 3

0. -0 0 0 1 1
.u _ 0 0 0 3 0 3

U

SP 0 0 22 3 0 25
+ 0 1 4 0 0 5

++ 0 2 0 0 0 2
Total 0 3 26 6 1 36

FREQUENCY 4

J- 00 0 0 0 0SF 0 0 0 0 01- 0 0 0 0 0 0SP o 0 1oo0 l
$4 + 0 2 0 0 0 2
Pw-++ 6 0 0 0 0 6
Total 6 2 10 0 0 18

TOTAL OF ALL FREQUENCIES

" - 0 0 0 0 3 3
- 0 0 0 6 2 8

SP 0 0 58 8 0 66
+ 0 10 8 0 0 18
-I 7 3 0 0 0 10

Total 7 13 66 14 5 105
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running at constant speed, and provided the dominant source of impulsive noise.
Nonetheless, it should be possible to apply Middleton's model to the data of
this study. A thorough application of his model to the data will not be at-
tempted, but some pertinent observations will be made in this and the following
section.

In his "Class B" model, for impulsive interference such as vehicular noise,
the APD function rises up from a base line which has a Rayleigh slope, due to
the Gaussian nature of receiver noise and other Gaussian components. As men-
tioned previously, the Rayleigh distribution is a Weibull distribution for which
m = 2. In many cases the ma = 2 base line slope was observed, as can be seen

by a quick scan down the ma column in the table of section 3.4. In fact, signi-

ficant departures from m = 2 were seldom observed at frequency codes 3 and 4
(300 and 900 MHz). This was to be expected, since there is very little ambient
interference at those high frequencies.

At 75 MHz, however, m was nearly 2.0 in only a few instances, if one ex-
a

cludes test codes 19 and 20 from consideration. As discussed in 3.1.4.2, above,
these tests are highly suspect on other grounds, as well. At 23 MHz only two
cases of ma z 2 were noted, except for test codes 18 through 20. Part of the

reason for this is that the APD plots in this study only extend up to P = 0.4,
and the lower frequencies generally had significant ambient interference (other
than receiver noise). There seems little doubt that the Rayleigh base line
would have been observed in most if not all cases, if thresholds at high pro-
babilities had been measured.

In most cases, both at 75 and 23 MHz, ma was significantly larger than 2.0,

indicating the pre'e ze of essentially CW interference components in the ambient
signals. This is also indicated by observed values of Vd less than 1.05 dB.

In Middleton's t. minology, this places our data in the "Class C" classifica-
tion--a combination of impulsive (Class B) and narrowband (Class A) interference.
His transition threshold for the Class A component must have occurred at proba-
bilities greater than 0.4, since no cases of roll-off of the ambient lines were
observed. No cases (except for test code 20) were observed at 23 MHz in which
the ambient line had ma < 2. In a few cases (see app 4), the APD plot of the

;-bient condition showed a change in slope at very low probabilites; but ap-
parently at 23 MHz, the ambient is dominated by low-level, essentially CW in-
terferers.

3.1.6 Comparison of m and Point of Intersection with Middleton's a and r
vB

In Middleton's Class B model, the APD curve in the impulsive noise-dominated
region is described by a series of hypergeometric functions (ref 9, equation 2-
17) that lift the curve away from the Rayleigh base line, starting at a point
(R - Vrms ) 24 r(dB), with the curve rising with increasingly greater slope (in

magnitude) as probability decreases, until a critical "bend-over" point is
reached, at a probability ; A8 (see ref 9, fig. 1). The curve is described by
a set of six parameters:
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[ r o, b1 , NI (3-32)

where:

A and r; were described above

Q 2B f mean-squared impulsive noise component at IF

b la m weighted moment of the generic envelope BOB

NI = scaling parameter

a = spatial density-propagation law parameter

The parameter a is a composite parameter that considers both the spatial
distribution of the various interference sources and the propagation law (i.e.,
slope of path loss versus 10 times the log of distance). This writer cannot
assign a meaningful value to a for the cases examined in this study, where a
single set of fixed-location vehicles provided the impulsive interference. How-
ever, Middleton states (ref 9, p. 200) that "some measure of the slope" of the
curve "often gives a surprisingly accurate estimate, within the order of 10
percent," and he gives the equation (slightly rewritten for greater clarity
and in the notation of this report):

a zlog [Prob (R > Vrms] - log [Prob (R > RB)] (3-33)

where:

RB is the envelope threshold level at the bend-over point.

In quite a few cases, the data of this study do show a bend-over tendency
at very low probabilities, but it would be difficult to assign actual values to
RB ane AB. In most cases in this study, envelope thresholds at a value of Vrms

were down in the ambient regions. This may be seen by skimming through the
tables in section 3.4 and noting how seldom V (column labeled VTRMS) is: rms

greater than the dB level at the intersection of the vehicular and ambient
lines. Thus, a estimates made by equation 3-33 would not necessarily be des-
criptive of the slope (-2/m for a Weibull fit) of the curve in the vehicular
region. v
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Middleton's defining equation for r; is:
B

.- a2/Q (3-34)B G 2B

where:

c2 = mean-squared Gaussian component in the IF
G

Q2B= mean-squared "impulsive" component in the IF

Since the IF and envelope component values are proportional, the equation for
rB' becomes, in the notation of this report,

r - v - V (0)Ba v (B

(Va - V )/l0
r; = 10 i (as a ratio) (3-35)

when the ambient slope parameter, ma, is 2.

He states, " ' is quite closely determined when the envelope threshold...
B

is normalized vis-a-vis [the mean-squared value]...corresponding to the point
where the [curve] begins to depart from the Rayleigh" (ref 9, p. 200). If we
call this departure level Rd [dB(v)], then

!d

rB R d Vrms  (dB)

(Rd - IV )/10
10 .rm (as a ratio) (3-36)

It is tempting to equate Rd with RI, the level at the intersection of the

vehicular and ambient component lines. However, the interested reader can veri-
fy for himself from data in the table in section 3.4 that, in general
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(R-V rm ) (Va - V)

and frequently the difference is quite large. (In the table in section 3.4,
Vrms is listed under VTRMS, RI is listed under "INTERSECT: DB," V is under

rms a
"VARMS," and V is under "VVRMS.") Thus, one should not attempt to equateV

Middleton's "departure from the Rayleigh" point with RI of this study. His
r; can be estimated, however, by equation 3-35.

Note that Middleton's observations were based on situations where the
bulk of the noise energy was from impulsive sources, rather than ambient or
receiver noise. This was not the case here, where the ambient contributed a
significant portion of the total energy.

3.1.7 Investigation of Gaussian Components in Vehicular Noise

Several investigators have reported finding a Gaussian component (in ad-
dition to receiver noise) in man-made and atmospheric noise studies (ref 6).
Middleton's model for Class B noise predicts a Gaussian component due to the
impulsive interference given by

(G2B2

2B (2-co 2

(ref 11, equat-ion 2.88c; c.f. ref 9 equations 2.15a, 2.12a).

In the tests of this study, no such Gaussian components attributable to
the test vehicles were observed in any of the single-vehicle tests. With 12
vehicles (test code 16) and in one of the 6-vehicle tests (test code 18), some
indication of a Gaussian component was observed for some test conditions, par-
ticularly at 75 MHz.

Figures 3-5 through 3-12 are raw data plots for the two noisiest vehicles
when the ambient line was essentially Rayleigh and when a significant amount
of impulsive noise was present. Included on the figures are estimated V andv

V values from straight line Weibull fits to the data (prior to pivoting). Asa

is apparent in the figures, there are no significant differences between the
levels at higher probabilities for receiver system noise, the ambient, or with
the vehicles on.

Figures 3-13 through 3-21 show results from the 12-vehicle test when the
ambient line was essentially Rayleigh. Again, estimates of V and V fromv a

line fitting are given, along with the measured value of the rms for the am-
bient condition (Vamb). Also included is an estimate of the Gaussian compo-

nent in the IF due to the vehicles. This is called Q(G) to conform to Middle-2B
ton's notation, and is computed as:
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1(G) =/ Vamb /101 [(MV)2 ]

2B 2

expressed in dB(uV):

(G) = /1 o80 -i [/1V

2B 2

No attempt was made to estimate (G) when the difference between V and V
was less than I dB. 2B a

As can be seen in the figures, the Gaussian component due to vehicular
noise contributed at most a 3.3-dB shift to the ambient line, and reasonably
good estimates of Q(G) could only be made at 75 MHz. In all other cases, am-

2B
bient or system noise components obscured any Gaussian components from the
vehicles.

(Text continued on page 3-40)
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VEHICLE N1ISE TEST at31."[ 7) M D.-()
TEST SETUP DATA: 13 23:27:05 *H:M:S,

VEHICLE DEBCRIPTION ANTENNA DESCR[PTI.)N
DODGE PU Dlu. V89"?PICI. UP LOG APN-107

TEST CODE: 1 VEHICLES IN THE TEST: 1

KEC. FREO. SPEC. ANAL. BW ENGINE SPEED ANTENNR POSIT.r1
:00 Mrnz 30 kmz 1500 RPM a deg. 3 0.

MEAULIRED APD VALUES:

point Pr¢o. P C S drms CiI. RMS V,&.Og Vd Vp NoS* P.
I .0801 0E-02 31.2 53.6duv 23.2:luV 9.9dB t;3.4d3uv -76.,B%
2 .005 "SOE-01 27.2
3 .01 6SOE-01 39 2.2
4 .0100 476E-00 -3.5 39.9 d(4V) V 21.9 dB(uV)

5 .020 224E.01 -5.5
6 .0508 39 E1O -9.5
7 .1006 659E+01 -7.5

a .200 1IE*92 -9.4
9 .3000 13E+82 -18.4

10 .4000 142E.82 -11.4

j;+M. Itirt oapats to 14.51 di abov.i KTo - 33.. 11 dsu, Acro s 5'olrli

APE)8PD I .... ~.. ............ '4-1"0114"719 "-""! :

%*- Rbig"rY N51841

dB "tb,:ve RMS PC'S

1 0 -3 1E1 5

:I .iiii- I.

1j .! ..RBCe ao - Il

te Raylegh a

-102

10 ' , 2

-30 ,- !. .

I -'. -31 -l 1-4!0 -

Figure 3-5. APD/ACR data plots for test 13 and test code 1
with Rayleigh ambient.
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VEHICLE NOSE TEST 08'16,7) M,'D Y)
TEST SETUP DATA: 14 Z3:32:24 'N:tM:S,

vEHiLLE DEiCRIPTION ANTENNA DESCRIPTI.N
DODGE PU Blue V89--PICK UP LOG APH-IS?

TEST CODE: 1 VEHICLES IN THE TEST: 1

9EC. PREQ. SPEC. ANAL. BW ENGINE SPEED ANTENNA POSITIN
300 MHz 100 kHZ 1580 RPM 0 deg. o n.

MEASUPED APD VALUES:

Point PrDb. PC-s dBrms C&l. RMS V ; Vd Vq Naise P.
1 .0001 22oE-01 34.1 58.3dBuV 2

7
.3dquv 10.9dB 74.3d3uV -T71.9da

2 .0035 OSGE-el 26.2
3 .0010 10aE+00 16.3
4 .8100 495E+01 -5.5 V - 46.6 dB(V) V 26.6 dB(uV)

5 .0200 476E+01 -5.5

6 .0500 179E+.0 -7.5
S .1000 275E.02 -8.5
8 .2000 367E0: -9.5
9 .3000 455E+02 -18.5

10 .4080 509E+02 -11.5

RMS level comlres to 14.80 d9 above kITo - 3.-39 lDuV across 50onths

.. ......................"111 t e.1
P t .,R1 1

dS above PIS PC's

10 - -

30-5 -3

40 ,

rOg wo -3 1 1 5

PB C bove VIS

Figure 3-6. APD/ACR data plots for test 14 and test code 1

with Rayleigh ambient.
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VEHICLE NOISE TEST 08,16,74 *M'D'#
TEST SETUP DATA: Is 23:37:34 H:M:S)

VEHICLE DESCRIPTION ANTENNA DESCPIPTI2N
DODGE Pu Blue V891"PICK UP LOG APN-IS?

TEST LUDE: 1 VEHICLES IN THE TEST: 1

PEC. FPEQ. SPEC. ANAL. BW ENGINE SPEED ANTENNA POSITIO3N
300 MHz 300 kNZ 1500 PM 6 dog. 3 a.

MEASURED APD VALUES:

Point Prob. PC S dares C &I . RMS ' d Vo Nolj* P.
1 .0001 700E-01 32.9 73. OdluY 31.-,IuV 12.8db 32Z.0d3uV -S ~.
2 .0805 I59E+OO 18.6
3 .0910 269EOE. 6.

.0100 I0E6 V - 62.2 dfl(uV) va - 30.8 dB(uV)

5 .0320 215E-02 -7.7
R; .0580 41.3E+02 -8.7
7 11300 i~iE+02 -9.1
8 .2000 IISE-03 -11.7

9 .3008 136E+03 -12.7
1a .400 146E+033 -13.?

RMS I1 compbjtj to 16. 32 dB sc~i KTo = 44. 2 32u-, across 15eoas

dB ibove RMS P

110--

-30-

-493-

srm- No emu U0 .50 -30 -10 10 30a 50

o P. B a .100e -ItrS

Figure 3-7. APD/ACR data plots for test 15 and test code 1

with Rayleigh ambient.
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VEHICLE NOISE TEST a8 16'?) rMD/VY

TEST SETUP DATA: 16 23:43:2) (N:M:Sp

VEMICLE DESCRIPTION ANTENrN DESCRIPT-.)I4

DODGE PU Blue V89"PZCK UP LOG A PN-17 "

TEST CODE: 1 VEHICLES IN THE TEST: 1

PEC. FREO. SPEC. ANAL. BW ENGINE SPEED AtTENNA PO$ITION

960 MHz 100 kHz zSe0 PPM 0 deg. 3 a.

MEASURED APD VALUES:

Point Prob. PCS dirmi Cal. RMi V&; -4d *P 4os P.

I 0=0 2SGE-01 U.3 5 1. dFUV I 9. 512uV 4.00B '3..3d3uY -96.!a8m
2 .0e5 6aOE-01 21.0
3 .0016 ?SOE-01 13.0
4 .0100 535E-01 2.1 v = 34.6 dB(UV) v . 19.7 dB(GV)

S .6200 5 29E601 2.1 '

6 .0!00 191E*02 .2
7 .1000 295E+2 -.8

a .200 388E+02 -1.9
9 .3060 46E.02 -2.8

1 .4000 523E02 -3.8

RMS level .:oopres to 7.32 d2 bo,,e kTO - 23.30 d~u4 acrosj 50ooffi

APD PC
.......... . te ,l

dB abo'.e RMS P'S

40

30 -

' -'2 I-0 -0-

' ' '2

42 10 P 1 1: -5 -30 -10 10a 30 5 0
o" Pdl a bOvS ,fr

Figure 3-8. APD/ACR data plots for test 16 and test code 1

with Rayleigh ambient.
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VEHICLE NOISE TEST 08'18'79 <M.D'Y'
TEST SETUP DATA: 6 0?:37:1 3 (H:M:SA

'EmIL.E DECkIPTION ANTENNA DESCRIPT1)H
FORD PINTO 4 CYL LOG PERIODIC VERT

TEST CODE: ? VEHICLE; IN THE TEST: ii

PEC. FREQ. SPEC. ANAL. B3 ENGINE SPEED ANTENNA POSITI)H
360 MHz 10 kH: 1500 RPM 0 deg. 3 m.

MEASUPED APD VALUES:

Point Prob. PC'S dBrmi Ca1. RMS Va.,.3 VI ,o Noist P.
I .10,I OOE-0 25.S a4. 04.?jV 1. I ",uV 3.54B 4.2d3uV -83.5¢dlm

2 .0685 IOQE-01 25.8
3 .0616 23 E-01 23.9
4 .0108 120E*00 4.1 V - 27.9 dB(wV) V . 17.0 dB(jV)

5 .0200 454E*00 -2. V a
6 .0508 129E-01 -4.a
7 .1000 197'E*01 -5.1?

a .2008 362E+61 -7.3
9 .3000 423E 01 -9.8

t0 .4009 476E+1 -9.8

RMS I',*I ,:omparts -o 13.55 dl above KTo - 26. 3 dB'V acriji 5 6o.as

F PD Fi F P............... fthicl N,:v.
3ye'tl " aIll

dB abo.ve R!S PC 'S

30~

-30

10 -1
, .. . - --.

-30 -- ....

Elo rIj LO - )j k-t) T

I d5 abo,,e RMt

Figure 3-9. APD/ACR data plots for test 6 and test code 9
with Rayleigh ambient.
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VEHICLE NOISE TEST 089-18 ,' (M DrY)
TEST SETuP DATA: 7 87:44:31 .H:M:S)

VEHICLE DESCRIPTION ANTENNA DESCRIPTI)N

FOPD PINTO 4 CYL LOG PERIODIC VERT

TEST CODE: 9 VEHICLES IN THE TEST: 9

EC. E EO, . SFEC. ANAL. BW ENGINE SPEED ANTENNA POSITIMN

3013 MHz 31 kHz 1588 RPM 10 deg. 3 0.

MEASURED APD 'ALUES:

P.21 " Proo. PC S .1aVr Cal. F"S V-S _P Hoist P.
1 .0001 14&E-01 32.2 53.5,3BuV 2Z.3"g.V 7.edD 61.

6
,.,3uV -79. cD'

2 .00s 360E-0 :S.2
3 .00 10 44aE-01 26. 2

4 .0100 364E*00 .5
5 .0200 131E401 -2.53 Vv- 36.3 dB(uV) V*21.9 dB(PiV)
6 .0 500 318E-Si -3.5 A

7 .106 593E+01 -4.5
8 .2000 1I1E+02 -6.4

8 .3000 129E+12 -7.4
10 .40,0 143E-, - -9.4

R!IS level comparte to 1.it; at abO' e KTo * 30.11 douV across 50o-)ms

FiFD FI
.. . . . I e..Vl e ..8

dB above RMS FC.,

30 --

10 -

I 10-3

-30

30 --

-L0, ~ .... , w.
,c O o . . ~ ~ 1 3 3

- . above 415

Figure 3-10. APD/ACR data plots for test 7 and test code 9

with Rayleigh ambient.
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VEHICLE WISE TEST *8- i o 1 I'..
TEST SETUP DATA: 07:50:4) H:M:S,

VErIICLE DEBCRIPTIOH ANTENNA DESCRIPTI )N

FORD PINTO 4 CYL LOG PEPIODIC VET

TEST CODE: 9 VEHICLES IN THE TEST: 9

REC. FFE2. SPEC. ANAL. W ENGINE SPEED ANTENNA PQIT1)lN
300 MHZ 100 kez 1500 RPM 0 dlg. 3 a.

MEASURED APD VALUES:

Point, Fro PC. S 'd8ms CA). RMS &-2 I'l _p N01.14 P.
.001 30 -01 33.7 58.4dBuV 26.*!1uV 9.7dB 73.8duV -7. .5'

2 .0005 600E-01 20.0

3 .0010 11ZE+68 11.9
4 .0100 2Z5E+01 -3.0
5 .0200 544E+01 -4. - 52.6 dB(uV) V - 26.6 dB(uV)

i .05, 192E..2 -5.9 v a

'. U00 23iE -02 -6. 9
.3 .2000 3S0E02 -7.9

S .3000 4632.0j2 -9.9
10 .4600 512E.02 -9.9

P115 1q,,*e :ompares to 1..1? dB abovq To - 3.55 jBuV acro$j 50o-ims

FIPD i  "" " I : P

........ ......

dB %bove RNt' PC/S

40 ,, -

10

O - . - -,

- , -. .' •

10-

I 7.-4 0 - . , -

-, L..L
- - j u- N m v -50 -30 -10 10 30 50

00. p,., dS aooe PMS

Figure 3-11. APD/ACR data plots for test 8 and test code 9
with Rayleigh amb:.ent.
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/EHICLE NOISE TEST Ord 18 'MD.'
TEST SETUP DATA: 9 07:57:2

' 
.H:M:S,

VEHICLE DE iCQPTION ANTEt1A DES.RI 'PT 1 )N
FORD PINTO 4 CfL LOG PERIODIC VE T

TEST ".OZ'? VEHICLES IN THE TET: '

PEC. FREQ. SPEC. Ar4AL. B. ENGINE SPEED ANTENN POSITI,3N
300 MHZ 300 kH= 1508 RPM 0 3,g.

MEF4SURED APD '/iLUES:

point POO. PC S *,fJ rb Cl. RMS V , * '4 d40L .
. Fi SSOE-,): 35. j 3.2 ]3, uY .1.3]3uV 7.90D 31.33uv -70. 7B

Qk.OO5 176E+01) 1-.

3 .001a 3Z E,-) 7'.:"
4 .0108 1 24E 2 -1.,
5 .0200 254E+02 -Z.7 -

6 .0500 46E*0- . V = 77.2 dB(.iV) V8 - 31.6 dB(PV)

S , ieeg 727E+02 -4.7
3 .200e IOIE+01t -5.7

9 .3808 125E-03 -6.7
10 .4000 140E+03 -7."

AMS Ie,,l omp pi- ilo 11.00 dB abov KTo - S9.2.5 dBuY scrosi 50Oima

........ ..ihi N,..

"Mbiew1 d

c1 "bo,.e RMIS =.

- I .H 10-4

-30-40

3 0 " Inn 3 -
W J A - rj (I !

- 7v D ,p e 411

[

Figure 3-12. APD/ACR data plots for test 9 and test code 9
with Rayleigh ambient.
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vEHICLE NOISE TEST 08'Z 1'7 l .M-D:
TEST SETwP DArA: 5 19:25:aL ,H:M:S,

VEHICLE DE3C;IPTION .NTENNA DESCRIPTIJ..
CIVILIAN PASS. 6 OR 8 CYL) BICOtl TYPE 407

TEST CODE: 16 VEHICLES IN THE TEST: 1 2 S 4 5 6 7 $ 9 1o 11 12

PEC. FREQ. SFEC. ANAL. SW EN.GINE SPEED ANTENNA POSITI N
75 MH: 30 kHz 150 RP, a dg. 3 f.

MEASURED APD VALUES:

Po P. Prob. PC. 3iroms C&l. RMS Vi.- 2- d NV r, oist P.
1 .00 1 IOE-O I "27.3 52.6_duV 37,.7,3-Vu . IdD 72.0d.-,V -63,d ,t
2 .005 48eE-9i 23.3
S .ao1e 20f-01 21.3 V 46.3 dB(uV) V . 32.4 L(BiV)

4 .0100 498.00 12.4 v a
5 *0ZOO 798E*00 7.5 V - 30.0 d3(AV)
6 a~SOG 1157E.01 .5 a
," .100e 318E,,1 -7.4 (G) _ 25.7 dIG&V)
S .2800 59? E .0 1 -12 . 3 n 2 5 ... ...

9 .3000 906E 01 -14.3
to .4000 181E+02 -15.3

PMS 4l11 compares to 2.3: '3 abovt I(To * 46. du?.ro~ i 50oJW.I

dB above RNIS PC..$

010-4

-10 .. 13..

-30

-40 -

- --

Figure 3-13. APD/ACR data plots for test 5 and test code 16

with Rayleigh ambient.

3-31



VEHICLE NOISE TEST 88-21 ' rl D T,
TEST SETUP DATA: 6 19:31:1L ,H:M:S)

VEHICLE DE'CftIPTIN AHrEw4 OESCRIPT.J3h

CivilIAN PAiSS.%6 OR i CYL, DICON T(PE 407'

TEST -ODE: 16 'EHICLES IN THE TEST: 1 2 a 4 5 6 - a 1 to 11 1.

REC. FREQ. SPEC. AAL. 2W ENGIHE SPEED AtITEIINA POSITIM)

71 MH= 100 kH= 1500 RPM 0 de,;. 3 m.

MEASUPED APr "JALUES:

Point Prob. PC's .iras C.. RS V 
2

1 !d Noise P.
1 ..001 ';oE-01 29.3 57.5dBu.' ?9.3.:1uV 11.5dB S14.1duY - 9.2dm.
2 . -K5 1 166E+00 25.4

3 .0010 -;OE-00 23.
4 . 0108 135E+.O 10. 51.2 dBl( V) V = 34.8 dI(av)
5 .0209 239E+. 3.6

1; .0500 542E+0i -5.3 V - 32.5 dB(wV)

* .1000 0IIE+ 2 -11.3 sub

a .OOO 279E 02 -15.2 ( 27.9 dB(uV)
9 .3000 358E+02 -15.2 21

to .4000 379E+02 -16.2

RMS 1 tl 4ompare1 to 21S.27 dB above KTo 0 5. 9 d]vu' across 50oifms

............... Vehl a. 1

E..... PC's....IT I IIl II lIl
30

20~
10-4

-10 - -

U, -e -4 -T- 0 4

'-0 Q 30-3 isabv il

-30 ~ .- 3

-Jo - .--. o-- -

] o ~ * . E--------------------

0 ! S bo! ti

Figure 3-14. AP)D/ACR data plots for test 6 and test code 16

with Rayleigh ambient.
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VE,.C.lE NOISE rEsT 48 i1 T (M D Y,
TEBT SETUP DRIP: 7 2:48:!4 ,'N:M:S.

VEHICLE DEMCPIPTION ANTENNA DESCRIPTI.N

CIVILIAN PASS.(6 OR S CYLj BICON TYPE 407

TEST CaDE: ig VEHICLES ZN THE TEST: 1 2 3 4 ! 6 7 S 9 :0 11 12

REC. FPE3. SPEC. ANAL. BW ENGINE SPEED ANTENNA PQOITI2N
75 MHz 308 kHz 1598 RPM 0 deg. 3 M.

MEASURED APD VALUES:

Point Prob. PC'S d rr, Cl. PrIS V%2L Yd VI. NOiz* Pe
1 081 19ZE-80 3.3 61.dBuY 43.4i8uV 13.?dB 92.3d!,V -13.2dBm

.008" 30SE30 24.4
.0818 530E+00 21.4

4 .8188 394E+01 6.6 V - 57.9 dB(,V) V , 38.7 dB(GV)
5 .82e0 616E+01 2.6 I a
6 .800 I11E,,2 -9.3 V - 35.4 dB(LV)

I 1088 392E.02 -14.2 Sao
.2000 7JE#02 -l2 Q(r. 33.0

3 .3000 939E-02 -17.2 2B3
t1 .4000 109E+03 -18.2

RMS Ie-el omparts to 219.91 d9 abOv. KTo * 56.-2 dluV acro$s 50oojms

HFD
-.... ... Vahlt NO-31

"ambIlol Nolza

Ill 8% -m No ! Ia.

dB aboe RNS PC ,S

4 0

30-

50

I I

-, ' ", -, -

.II - -'

- . -50 -30 -10 10 30 50

Figure 3-15. APD/ACR data plots for test 7 and test code 16

with Rayleigh ambient.
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VEHICLE NOISE TE:T 85.< 1 "; M DL. -
TEST SETUP DATA: 9 .:S4:0.3 1N:M:S)

vEHICLE DE:CRIPTION ANTENA DESCRIPTIjN
CIVILIAN PASS.(6 OR 8 CL, DIPOLE AC-10 : IT

TEST CODE: ii VEHICLES 11 THE TEST: 1 2 3 4 5 6 7 8 9 18 It 12

REC. FREQ. SPEC. ANAL. BW ENGINE SPEED ANTENNA POSITI)N
300 MHZ 10 kHZ MSOe RPM 0 ao. S a.

MEASURED RPD VALUES:

Point Prob. eC.S dIras Cal. RMS VL 4 . Ncie P.
1 .0001 400E-82 -8.0 46.9dBuV 20.8:BuV Z.3d 49.1dsu - .dm

.0005 148E-01 24.0
3 .0010 29GE-01 21.0 -
4 .0188 16?E*0 13.1 V •27.5 dB(.V) V 7.8 d(V)
5 .0200 373E+08 8.2
6 OR0 733E+00 2.2 Vab -15.6 d3(PV)

.1000 137E+01 -3.7
' .2O00 293E.+1 -7.- (G"

S.0 335E+01 -8. 7 I) -10.8 dB(UV)
10 .4000 429E+01 -10.6

RMS 1e.,41 corapares to 15. 0 dl abovie KTo - ?. :9 jBuV cros 30o.imis

HPD ,2P
hoblrtl Nive;

- yUsW@ N is.

dB ibove PMS PC's

: -[--
-30

2-0
-SID ." ...... I.

Figure 3-16. APD/ACR data plots for test 8 and test code 16

with Rayleigh ambient.
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VEHICLE NOISE TEST ft,'21 7 (M D Y.-

TEST SETUP DATA: 9 21:00:154 H:M:S$

vEHICLE DESCRIPTION AHTENNA DESCRIPTI)N

CIVILIAN PASS.(6 OR 8 CYL) DIPOLE AC-105 .IT

TEST CODE: 1 VEHICLES IN THE TEST: I 2 3 4 5 6 7 8 9 10 11 t

REC. FREQ. SPEC. ANAL. BW ENGINE SPEED ANTENNA PO3ITI) N
la0 MHz 30 kHz 1500 PPM 0 dg. 3 m.

MEASURED APB 9ALUES:

Point Prob. PC'S dSems C4i. RM V& A- Vd V Hoist P.

1 .0-01 -OE-Ol 23.1 52.1d4uV 2-:BuV 7.7dB 57.8d3u' -7'.3BSM
2 a005 400E-01 25.2
3 .0010 860E-IDI 22.2
4 .0100 46iE.00 12.3 V - 32.5 dB(uV) V - 22.3 dB(V)

.0200 SM0E00 7.4 a
i .0500 192E+01 -1.6 Va " 20.4 dB(P)
7 .1000 395E+01 -5.5 2
8 .2000 '06E.01 -$.5 (G)
9 .3000 111E.02 -9. 0 14.8 d3(uV)

10 .4000 133E*02 -l.5

PHF 4-1 lii arss to 15.09 JP above KTo - 32.g 36 BuV across 50onms

FtFD H-C P

J ....... -I I l lS -Nll
dB abo-.e RMS pC-.'s

30 -:

18 -

-10 - - " ... :..

-30'
" ,. I i '

K - :zz:z-.

- M- o-- M N -50 -40 -20 0 20 V 0

ruc d5 abo.e RMS

Figure 3-17. APD/ACR data plots for test 9 and test code 16

with Rayleigh ambient.
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VEHICLE NOISE TEST 08 21-7a -,m D.y
TE T SETUP DATA; t1 21:08:41 H:M:S)

VEHICLE DE'CRIPTION ANTENNA DESCRIPT:)H

Clf-A AS- ORt S CYL) DIPOLE AC-185 41T

TEST CODE: 1 VEHICLES IN THE TEST: 1 2 3 4 5 6 7 0 9 10 11 1.

REC. FREO. SPEC. ANAL. BW ENGINE SPEED ANTENNA POSITI N
300 MHz 100 kHz 15,e RPM 0 deg. S a.

MEASURED APD VALUES:

Pcint Proo. PC.S dirms Cal. RIM$ Va- ' Vd Yo NO.4 P.
I .701 2£-o1 -3 .4 56.9dBuV 20.8.,BuV $.8,J2 6d.Idiu'* -7v.2
2 .0005 114E+00 25.5
3 .0010 240E+00 21.5
4 .0109 t4ZE+01 9." V - 37.1 db(PV) -*25.9 dV)
5 .0200 268E*0L 1.7
6 .0580 873E+01 -5.2 V_ - 25.0 d4(PV)
7 .1080 187E+02 -7.2

3 .200o 345 E02 -9.1 Q(G)
9 .3000 424E+02 -10.1 .-
1 .4000 460E.02 -11.1

P.S le ,441 compar-s to 14.a? ,3B above KTo * . 8 dBuV across 58o~.s

APEI FICR'

......-.. ehceNie

dB bo..e RMS PC/S

30 , .

-0 "0.1.

-30 . - --- - ,

-40

W ,-- - ( 1 -50 -30 -10 10 30 50

" Pd1O3 &bove ifs

Figure 3-18. APD/ACR data plots for test 10 and test code 16
with Rayleigh ambient.
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VEHICLE NOISE TEST 0821,?) M (D/i
TEST SETUP DATA: 11 21:45:303 H:M:S)

'EHICLE DESCRIPTION ANIENNA DESCPIPTI)M
CIVILIAN PAS.k6 OR 8 CYL) DIPOLE AC-1O5 'IT

TEST CODE: Ii VEHICLES IN THE TEST: 1 2 2 4 ! 6 7 8 9 10 II 12

RE-:. FREO. SPEC. AAL. 8W ENGINE SPEED ANTENNA POSITI)N

;0O MH: 300 4HZ 1500 PPM 0 dog. 3 m.

MEASURED APD ''LUES:

r o],. Fr.ob. P..,S dsrvhs C414 RMS V a-. Q 2 Wd V N.oisoe .

1 .0001 740E-01 34.9 61.4dluV 31. uV ?,--- 80.3d3uV -70.7dEB
2 .8005 262E-0 28.0
3 .0010 568E+00 23.0
4 .31e 374E+01 7.2 7 - 42.9 d3(,V) V a 30.0 0(V)
5 .02,0 604E+81 2.2
6 .aS86 253E.02 -3.7 V " 29.9 dB(wV)

7 .1000 625E-02 -5.1 7 __

a .2000 197E+03 - (G)
9 .3000 126E.93 -8.7 2 3
10 .4900 138E+93 -9.6

RMS 1.I €o kres to 12.89 d2 above KTo - 39. :6 d2V across S0ots

APD A," C P
.... '.....fhiol.1 Naive

Ambientl Nolve

dB abov~e RMS PC Is

40 -

30 -

-10

-, -W . . 50 -30 -10 10 3a 50

dB above iMS

Figure 3-19. APD/ACR data plots for test 11 and test code 16

with Rayleigh ambient.
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VEHICLE NOISE TEST 0 1 "-7 (M D.ey)
TEST SETUP DATA: 12 21:57:43 (H:M:S.,

• ;EHICLE DESCRIFTION ANTENNA DESCPPTIN

CIVILIAN PASS.(6 OR 9 CYL) DIPOLE AC-OS rIT

TEST CODE: 16 VEHICLES IN THE TEST: 1 2 3 4 5 6 7 8 9 10 11 12

REC. FPEO. SPEC. ANAL. 3W ENGINE SPEED ANTENNA POSITI)N
900 MNz 160 kHz 1586 RPM 0 dog. 3 m.

MEASURED APD VALUES:

Point PrPob. PC S dBrms Cal. RMS Vj_ 'd .. NOlle P.
1 .981 240E-01 31.2 F1. d7uV 2. T :9V 4.6B .] 1.1dBuV -84.80B&
2 .oe5 840E-81 24.2
3 .0010 236E+00 1".3
4 .8100 175E+0l 3.4 V - 26.5 dB(GV) V - 20.1 dB(IV)
3 aOO 548E 01 1.5 V a
6 .0500 163E.02 -. 5 v
7 .100 239E+02 -1.5 amb 19.9 dB(pV)

a .2000 422E+02 -3. (G)
9 .300 482E+*2 -4.5 -l ?
10 .4008 5SE+e2 -5.5 2.

PMS 1#Itl 1Om1parq1tS to 8.46 d9 &bOl'o KTo 2t .8 (SuY acrosj 5 0o ms

.. .. ..... Iuftlple Noise

P- lyst.. Nwt

dB ibo,,e RMS FCS

49-0 - ,~ --

__ a**
-0

#1 1 0-
-'- I - - IiI 11]

Figure 3-20. APD/ACR data plots for test 12 and test code 16

with Rayleigh ambient.
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VEHICLE NOISE TEST 08 21t7. MD'T
TEST SETUP DATA: 13 22:20:53 H:M:S,

",EHICLE DE.rR1PTIGN ANTErNNR DESCRPTI,)N

CIVILIAN PASS.'6 OP 8 CYL) DIPOLE AC-15 '-,IT

TEST ,:ODE: 1 VEHICLES IN THE TEST: 1 2 3 4 5 Z 7 9 10 11 12

PEC. FREQ. SPEC. RNAL. BW ENGINE SPEED RNTENA P3SITI)N
900 MHz 300 JHz 1500 RPM 0 dog. 3 .

MEASURED APD VALUES:

t, i r.' PrO . PC S dfrms Cal. Pn5 I .j_ Y, .. _ ol0ie P.
I .3aO I . LE- 0 34.0 56.4dB.V 24. B,,'V 2.4dJj 64.Z..4-', -S,'.7d q.
2 .0005 258E+00 24.1
3 .0010 448E-00 11. 1
4 .0100 i44E'01 5.3 V - 32.2 dB(uLV) V - 25.0 dB(PV)
5 .0200 10SE.02 4.S
6 .Q5043 74E.62 2.3 V
7 .1000 601E+02 1.3 am 24.9 dB(V)

8 .2000 110E".03 -.7 0 (G) ?
9 .3000 130E+03 -1.7 •
t .4080 143E+03 -2.7

PHS l0 ) c:ompares to 5.39 d Lbo,,e kTo - 27."! dBuV isCroji 50oris

S............. . . .

dB Above RNS PC/S

-40

0 -.

30zz z 1 ]0.-5

-10 - "-

,-0 -30 -10 10 30 10
0 , PP,?B dB it ,c,,.e ; h1-S

Figure 3-21. APD/ACR data plots for test 13 and test code 16
with Rayleigh ambient.
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3.2 STATISTICS OF THE NOISE PARAMETERS

3.2.1 IF Envelope Statistics and Sample Cumulative Distributions

The sample median, mean, and standard deviations of the various noise pa-
rameters for all single-vehicle tests are tabulated in table 3-11. Typical
sample cumulative distribution plots of Vp, Vrms , and V are shown in figures

3-22 through 3-33 for each frequency, and figure 3-34 shows plots of the dis-
tribution of V - V . For the latter, all bandwidths were included for eacha v

frequency. The scaling along the ordinate of the distribution plots is Gaus-
sian; that is, if a distribution were truly Gaussian, it would appear as a
straight line.

No analyses were performed on the average envelope noise power, P N Since

the IF output impedance was 50 ohms, PN can be easily calculated from

PN - V MS - 107 (dBm) (3-37)

(Ref figure 7 in the main body of this report.)

It has the same standard deviation as Vrms; and its sample means and medians

are easily computed from equation 3-37, so a separate analysis of P N data would

have been redundant. If one intends PN to be the noise power in the IF measured

into a 50-ohm load, one should subract 3 dB from the value given in equation
3-37 (ref equation 3-15).

3.2.2 Relating Envelope Parameters to RF Input and Field Strength

The envelope dB(uV) parameters can be referred back to the RF input by sub-
tracting the receiver noise gain. One must not think of such adjusted values
as actual, directly measurable quantities, however, because they are functions
of the IF bandwidth. Noise gain of the receiver was measurable in these tests
by employing the calibrated noise source, which had a calibrated noise figure.
In the raw data plots, the value of the calibration noise rms envelope is list-
ed, in dB(uV). If we call this value V , then receiver noise gain may be
computed from c rm

Gn  V c rms - Fc - 10 log kT - 10 log bHZ - 107

-F 0 log + 37 (3-38)Vcrms Fc Oobkl-l 7

(Text coptinued on page 3-50)
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TABLE 3-I1. STATISTICS OF SINGLE-VEHiICLE NOISE PARAMETERS
(IF ENVELOPE VALUES IN dBOpV)

Freq
(MHz) Bandwidth Parameter Median Mean Std Dev

23 3 V 41.1 41.4 5.2
p

V 34.3 33.5 6.5
rms

V 34.0 32.3 6.7
av

V 25.4 25.7 3.9
V

10 V 50.0 50.8 6.7
p

V39.2 40.9 9.5

V 38.6 39.9 9.8
av

V 28.2 28.8 5.3
____ ____ ____ v _ _ _ _

30 V 57.6 57.1 10.1
p

V 40.8 41.9 8.2
rms

V 39.8 41.1 8.7
av

V 30.3 31.6 5.4
v _____

75 3 V 32.4 32.6 5.7
p

V 20.9 21.0 3.2
rms

V 18.6 19.9 3.6
av

V 16.3 17.9 5.7
v _ _ _ _ _ _ _ _ _ _

10 V 37.8 40.3 8.0
p

V 22.2 23.8 2.9
rms

V 20.9 22.2 3.2
av

V 18.1 19.3 4.5
v ______

30 V p47.4 47.3 9.7

Vrm 29.3 27.8 3.0

V r 26.1 26.0 2.6
av

3-4 22.2 23.0 6.11



TABLE 3-I. STATISTICS OF SINGLE-VEHICLE NOISE PARAMETERS
(IF ENVELOPE VALUES IN dB(V)) (CONT).

Freq Bandwidth Parameter Median Mean Std Dev

100 V 53.9 57.0 11.6
p

V 30.9 31.0 2.3r

V 28.9 29.0 1.9av

V 26.7 27.3 6.6
v

300 V 66.1 63.0 12.1
p

V 34.2 34.3 2.5
rms

V 31.7 32.0 1.5
av

V 29.6 30.6 7.0v

300 10 V 44.7 44.1 8.3
p

V 23.2 23.0 3.3rms

V 17.7 17.5 1.2
av

V 22.4 21.8 4.2

30 V 57.8 56.9 7.8
p

V 29.0 28.1 3.7
rms

V 22.3 22.0 1.3
av

V 27.4 25.9 5.9
v

100 V 66.1 63.6 10.3
p
V 32.4 32.4 3.8
rms

v 26.2 26.0 1.2av

V 32.5 30.8 6.3v

300 V 74.5 73.1 8.8
p

V 35.3 36.0 4.5
rms

V 30.7 30.4 1.1
av

V 36.3 37.0 7.2
p
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TABLE 3-11. STATISTICS OF SINGLE-VEHICLE NOISE PARAMETERS
(IF ENVELOPE VALUES IN dB(iiV)) (CON!).

Freq Bandwidth Parameter Median Mean Std Dev

900 100 V 49.7 48.6 7.7

V21.5 21.5 1.6

V 19.1 19.2 0.6

v

300 V 63.6 58.1 10.0
p

V 25.7 26.9 3.0
tins

V 23.7 24.1 1.2
av

V 26.7 26.7 11.6
v
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Figure 3-22. Sample cumulative distribution of V p with noise parameter

at IF output (23 MHz).
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Figure 3-23. Sample cumulative distrbution of V with noise parameter
at IF output (23 Hz). I
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Figure 3-24. Sample cumulative distribution of V with noise parameter
at IF output (23 MHz). v
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Figure 3-25. Sample cumulative distribution of V with noise parameter
at IF output (75 H11z).
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Figure 3-26. Sample cumulative distribution of V with noise parameter

at IF output (75 MHz).
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Figure 3-27. Sample cumulative distribution of V with noise parameter
at IF output (75 MHz). v

3-46



TESTS- 1 2 3 4 5 6 8 9 10 11 12 t5 29

WITH RU - EACH FR 300

* .99e.95

tr 1 -

0.80 7-~
G b -.10_r b 100 b4

ir? . h ---f' 30

0570 ['Ra.ndwidth (k.Az)
e. 40 10"--30-- - 1 10-0--- 10 30 o0 300

. Median 44.7 57.8 66.1 74.5

M.0-?4~ ean "4.1 56.9 63.6 73.2
[dB(wV)]

-IStd v 8.25 7.78 10.32 8.82

901 ----

190 - - Samples 14 14 14 14

28. 36. 40. 50. 60. 79. so. 96.

Figure 3-28. Sample cumulative distribution of V with noise parameter
at IF output (300 M~z) .P
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Figure 3-29. Sample cumulative distribution of Vrms with noise parameter
at IF output (300 Mi-).
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Figure 3-30. Sample cumulative distribution of V with noise parameter
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where

k - Boltzmann's constant - 1.380 x 10 20 mW/HzK

T - temperature in K (288 K)

F - noise figure of the calibrated noise source
C

(Note: Here, and here only in this appendix, are k and K used to mean other
than Weibull distribution parameters.)

Average values of G for each test frequency are given in table 3-111.U

The calculated G values displayed very little variability.n

The manufacturer's antenna factor (Af) data in dB for the various test an-

tennas were used to calculate the field strength of the emission by the relation

E - Af + V dBOV)

where E is the electric field strength in dB(pV/m) and V is the recorded detec-
tor voltage in dB(pV). Antenna factors for antennas used in the multiple-vehicle
tests are given in table 3-IV.

The antennas used for the single-vehicle test were different from those
used in the multiple-vehicle test except at 23 MHz. To make the two sets of
data commensurate, a correction term, A, must be added to the single-vehicle
noise terms. Values of A are given in table 3-V. These values were obtained
from manufacturers' data, except for the value at 75 MHz, which was actually
measured.

Care must be taken when referencing envelope parameters back to field
strength to ensure that the noise parameter truly is dominated by noise en-
tering via the antenna, and not by receiver noise. (One advantage of real-
time APD plotting, such as performed in this study, is that it is readily
apparent when receiver noise dominance occurs.)

3.2.3 Single-Vehicle Regression Analyses

3.2.3.1 Noise Parameters Versus Frequency and Bandwidth

Linear regressions of the noise parameters [V p, Vav, Vrms, Vv V a] versus

log b were run, and the results may be found in table VI of the main body of
this report, with plots given in section 3.8 of this appendix. The noise para-
meters in the regression equations are referenced to the RF input for the type
of antennas used in the multiple-vehicle tests (see section 3.2.2, above).
This was done for ease of comparison of results at different frequencies with
typical nondirectional antennas. A bivariate linear regression on each of the
parameters versus log f and log b was also performed. For these regressions,
the noise parameters were referenced to field strength [db(pV/m)]. The results
of this analysis are given in table VII of the main body of the report. As
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TABLE 3-111. RECEIVER NOISE GAIN AT THE FOUR TEST FREQUENCIES

Freq. (MHz) 23 75 300 900

Gn (dB) 40.5 40.0 40.0 33.0

TABLE 3-IV. ANTENNA FACTORS

Freq. (MHz) 23 75 300 900

Af (dB) 11.6 7.6 17.9 27.5

TABLE 3-V. SINGLE-VEHICLE DATA TO MULTIPLE-VEHICLE
DATA GAIN CORRECTION TEEM

Freq. (MHz) 23 75 300 900

L (dB) 0. 9.2 -4.5 -4.5
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indicated in the table, the regression equations for Va, Vav, and Vrms are ap-

plicable only for the lower frequencies. This is because the ambient component
tends to dominate these terms (see below), and the ambient noise was essentially
receiver noise at the higher frequencies. The equations for these parameters
are somewhat biased even at the lower frequencies, because the few cases where
the ambient line had a Rayleigh slope were excluded from consideration.

3.2.3.2 Relationships Among Noise Parameters

On the basis of the definition of the various noise envelope parameters,
one expects a high degree of correlation between certain parameters. For
example, the envelope average (V av) and the point on the APD plot at P = 0.4

(R0 .4) should be highly correlated with the ambient component (V a). -V isa av

highly correlated with V due to the low duty cycle of vehicular noise (seea
also ref 14). For a Rayleigh slope on the ambient line, the APD value at P
0.37 (l/e) equals Va ; and for "flatter" slopes, the value at Va moves out to-

ward higher probabilities. Thus, one would expect R.4 to be very nearly
equal to V . Similarly, V is dominated by the vehicular component, and one

a p
would expect a fairly high correlation between Vp and V vand R 0.0001, where

R0.0001 is the value on the APD plot at P = 0.0001. Any relationship between

V and V should depend on bandwidth, since V varies as 20 log b (at leastp v p
approximately), while V varies approximately as 10 log b. However, the rela-v
tionship between V and R should not be highly sensitive to bandwidth.

p 0.0001
These expectations were tested by regression analyses, on all single-vehicle
data, summarized in table 3-VI. Bandwidth was found to have a significant ef-
fect only when V is one of the variables, and was not significant in the

p
R0.0001 versus Vp regression.
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TABLE 3-VI. RELATIONSHIPS BETWEEN NOISE PARAMETERS -

ALL SINGLE-VEHICLE TESTS

Regression Equation Correlation Std Error
(dB(tV) at RF) Coeff of Est

V 0.39 + 0.796 V 0.901 2.57
rms a

v 0.88 + 0.941 V 0.996 0.77
av a

0.33 + 1.03 V 0.993 0.35
4a

.0001 - 7.28 + 0.6 Vp 0.843 5.01

V = 18.8 + 0.50 V 0.745 5.82
v p

15.0 + 0.61 V - 3.5 log b 0.770* 5.58P

= 21.2 + 0.795 V 0.515 11.21p rms
p 1.43 + 0.679 V rms + 11.9 log b 0.791* 8.04

V = 4.7 + 0.833 V 0.777 5.29
v rms

V = -2.34 + 1.007 V 0.957 2.80
av rms

V d 0.062 + 0.126 (V - V ris ) 0.498 2.49

Vd = 3.55 + 0.0212 (Vv - Vrms ) 0.434 2.49

* Values for the multiple correlation coefficient for the bivariate analysis.
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3.3 VOICE COMMUNICATION SYSTEM PERFORMANCE

3.3.1 Relating NATE Receiver Envelope Parameters to RF Levels at the
Communication Receiver

The RF section of the NATE receiver provided signals which were summed
with signals from the desired transmitter and were fed into the RF input of
the test receiver. A variable attenuator on the line allowed setting for
O-dB gain between the NATE receiver input and the test receiver input. This
gain calibration was performed with CW signals, and lead to attenuation values
given in table 3-VII.

TABLE 3-VII. ATTENUATOR SETTINGS FOR ZERO-dB GAIN FROM
NATE RECEIVER TO TEST RECEIVER

Freq (MHz) 23 1 75 1 300 900

Attenuation (dB) 25 23 21 15

Envelope parameters were referenced back to RF input, as described in
Section 3.2. The assumption was made that the same values were then appli-
cable at the input to the test receiver. It was further assumed that en-
velope statistics in the test receiver IF could be represented by statistics
of the envelope in the NATE receiver, when the values were determined at an
IF bandwidth that most nearly matched the bandwidth of the test receiver.

These assumptions have several drawbacks:

(1) NATE receiver noise was fed into the test receiver. If the
ambient is dominated by receiver noise, the ambient in the test receiver is
dominated by either NATE or test receiver noise, depending on which one has
the greater noise factor.

(2) As a corollary to the above, Vrms and Vav , which tend to be

dominated by the ambient level, may or may not be representative of values
for the test receiver IF envelope.

(3) The RF amplifier in the test receiver cannot be expected to

have the same dynamic range and frequency response as the NATE receiver. To
the extent that a receiver's RF stages affect the APD, the impulsive components
in the test receiver may or may not be similar to those in the NATE receiver.

(4) The slope of the vehicular line on an APD plot is in part deter-
mined by the IF bandwidth of the receiver. Thus, differences in bandwidths
and frequency response between the two receivers will give different slopes,
i.e., different values of m . As can be seen from the nomogram in figure 3-1,

when m is small (on the order of 0.1), small changes in slope reflect into

large changes in V .

v
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(5) The cable carrying RF signals from the NATE to the test receiver
filters transient signals. Thus, different RF noise levels from transients will
appear at the test receiver than were present in the NATE.

3.3.2 Results

3.3.2.1 Performance Measures versus Signal Level and Signal-to-Noise Ratio

a. Introduction

Plots of performance in terms of articulation score (AS) versus sig-
nal-to-noise ratio (S-V in dB) are given in figures 13 through 16 in therms
main body of this report. Average signal power levels at RF input were con-
verted to dB(pV) by adding 107 dB to their values expressed in dBm. _V isrms
an envelope parameter, referenced back to RF by subtracting the noise gain
between NATE receiver input and envelope output from the envelope values. For
signal-to-noise ratios in the IF, 3 dB must be added to the S-V values (be-rms
cause the envelope rms is 3 dB greater than the rms of the IF voltage). Plots
of AI versus S-V for the various system types are given in figures 3-35rms
through 3-38; the corresponding AS plots are given in figures 13 through 16 of
the main body of the report and plots of the raw APD data for the tests are
given in figures 3-40 through 3-63.

b. SSB System

From figure 3-35, it would seem that any amount of vehicular noise
is very degrading to the SSB system, but such is not the case. It happened
that during the no-vehicle test, the system was subjected to a high level of
ambient interference, which was essentially CW (see table V in the main body).
SSB systems can pass speech intelligibly at quite low signal-to-CW-interference
levels. In the tests with vehicles, the ambient levels were lower and more
nearly Rayleigh, and the curves of AS and AI versus S-Vrms are tightly grouped.

The range of Vd values for these tests was only 1.2 to 3.1, which probably ac-

counts for the closeness of the data points.

c. AM System

The AI versus S-V plot for the AM system (figure 3-37) shows arins

distinctive shift of the curves to the left when vehicular noise is present.
This is in agreement with other findings (ref 6) and indicates that impulsive
interference at a given rms level is less degrading to intelligibility than is
steady Gaussian noise. (The ambient noise was essentially Gaussian for the AM
system.) The extreme difference between test 29 and test 15, both involving
one vehicle, can be explained as follows. In test 29, the noise from the NATE
receiver was amplified before entering the AM receiver. If the noise factor
of the AM receiver was much greater than that of the NATE, the effect would be
to increase the impulsive (vehicular) components at the AM detector with little
or no change to the Gaussian component. This is apparently what happened. Thus,
the V values at the AM detector were probably much lower than the measured NATE

d
values shown in figure 3-37 for tests 15 through 21.

(Text continued on page 3-59)
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Another point worthy of note is the high S-Vrm s levels required for

a reasonable level of intelligibility--considerably greater than 3 dB. This is
because the AM receiver tested had an IF bandwidth considerably greater than its
approximately 3.5-kHz audio bandwidth. Thus, much of the noise was filtered out
by the audio circuits. This is a point to consider when interpreting IF or en-
velope signal-to-noise ratios.

d. FM/PCM System

Only one S level was tested on the FM/PCM link, since a range of in-
telligibility values could not be attained; the PCM decoder broke synchroniza-
tion at a high AS level. The S level tested was 1 dB above loss of synchroni-
zation. Even 1 added dB of signal level brought the system up to virtually
total intelligibility. As the AS- versus-S plot (figure 3-39) indicates, this
break-synchronization threshold was within 1 dB of the level for no vehicles.
Thus, the FM detector was impervious to the vehicular noise, and the AS and AI
versus S-V data (figures 14 in main body and 3-38) do not seem to be appli-

rms
cable, when V is determined by the NATE system, with its high dynamic range.

i-ms

e. FM Voice System

AI versus S-V for the FM link is plotted in figure 3-36, with ASrms

versus S-V shown in figure 12 in the main body. With the exception of testi-ms
17, vehicular noise caused a shift of the curves toward lower S-V values,

similar to that observed for the AM system. Such a shift, together with a re-
duction in slope of the curves, was expected, based on previous FM tests with
time-varying interference (ref 7). The slope reduction was observed only for
test 15 (1 vehicle) and 16 (12 vehicles). The shift was greater for 1 vehicle
than for 12, which is contrary to expectation. For test 29, the vehicular com-
ponent was 3 dB below the ambient in the NATE system (table V in the main body),
so the steepness of slope indicates that the ambient was probably dominant in
determining intelligibility. There was an 8-dB shift in S-V between thei-ms
test 29 data and test 30 (no vehicles) data. This tends to indicate that the
NATE receiver noise figure was considerably lower than for the FM receiver, so
that the noise from the NATE had to be increased by several dB before any ef-
fect was observed at the FM detector.

The FM detector is preceded by a limiter, so the high-level, low-
probability impulsive components, which contribute significantly to rms level
in the NATE system, are treated the same as much lower level, higher probabi-
lity components. Thus, signal-to-IF envelope noise ratio cannot be expected
to have a totally consistent relationship to intelligibility for FM systems.
Perhaps ACR (average crossing rate) at a level equal to desired signal level
would be a more consistent indicator of intelligibility.

3.3.3 AS versus AI Relationships

Plots of AS versus AI, as obtained on the VIAS, are given in figures
15 (one curve for each system type) and 16 (one curve with all data combined)
of the main body of the report. These regression curves were made by using
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a transformation of AS values to a function form that has been found (ref 7)
to give a good fit by linear regression. The function is of the form:

(Y)A I

AS - (3-39)

With AS taken as a fraction rather than percentage, taking the natural log of
both sides of the equation twice yields:

in [-ln(AS)] = AI in y + in (-in i) - (3-40)

which is a linear equation in AL. The parameter i is termed the intercept
parameter and y the rate parameter.

As can be seen in figure 17 (main body), there is quite a bit of
spread of AS data points about the regression lines for the SSB, FM, and AM
systems. Some variation is to be expected because the AS scores were obtained
with only one listener crew (8 listeners). However, it was discovered that
tests tended to fall into families of curves for all three systems.

On the FM link there were two curves about which the data clustered:
curve for 3 and 6 vehicles and a curve for the other tests. The two curves for
the FM link are shown in figure 3-64. There were also essentially two curves
for the AM system: one curve for the two single-vehicle tests (test codes 15
and 29) and another curve for the rest of the data.

On the SSB system there were essentially three curves. Tests with
3 vehicles and no vehicles made up one curve, the two tests with 1 vehicle
made up a second curve, and tests with 6 and 12 vehicles made up still a third
curve.

The distinction between the curves was noticeable not only by clus-
tering of the data points, but by the shape of the curves: the slope parameters
were distinctly different. Similar groupings of data had been noticed before
(ref 7) when similar systems had been subjected to interference from communi-
cations transmitters, and it was found that the significant parameter was the
degree of variability in the audio interference. The noise parameter Vd (Vd

SVrms - V av) is an indicator of the degree of impulsiveness of the IF envelope,

so V was examined as a possible parameter of the curves. The results were in-
d

conclusive, however.

There seems to be little pattern to the curve groupings, other than
the separation of single-vehicle data on the AM and SSB links. Thus, the phe-
nomenon is considered to be a relatively minor design deficiency in the VIAS
as a predictor of AS.
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THE ELZ7DYEHIZCLES FO '.E37 CODE 14 ARE NUMBE 1,:

VEHICLE NOISE TEST . ? ', " f l Y)
TEST SETUP DATA: 09:11:24 kH:M:S)

vEHICLE OES: IPTt::N ANTEN.4A DESCPIPTI!N
fl\A A$-A ET CEAP- BICO?4

TEST CODE: 14 VEHICLES IN THE TEST: 0

REC. FIRE-. SP6-:. ANAL. BW ENGINE SPEED ANrEtNNA PCSrtl 3m
21.5 MH: 16 kHz 150,3 RPm a J.;. 0 ,.

MEASURED APO YALUESZ

P,: iit P,-oo. PC . S dsrqms C a. RMS V ,L d v _ Nose P.
1 .0001 2?iW-E01 4.3 43.003uV 40. .20D 47.6431V -0.9d1M

3 .0010 2SOE-01 4..

4 .1a 10$.E.00 S..
S .ZO 74HE.00 2.3
* a500 799E,00 2.3

.1060 174E*01 I.2

a .2000 232E.01 .3
9 .3000 242E+01 .3

10 .4000 2441401 -. 6

AMS el .:,~rqs to 2S.11 ,B I o1 q 1To 41. 14 .1v3 :rois 1*0oa&

A.hle1, Noise!

dB abo'.-e RMS PC's

10-

;rj -N -0 -30 -30 -10 10 30

zg ZE 0 z2 -zi

=o ! d ib~ I1

G. PPnB as t~,, Altts

Figure 3-40. APD/ACR data plots for test 1 and test code 14
with Rayleigh ambient.
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VEHICLE NOISE TEST 021 71 'M D/
"

TEST SETUP DATA: 10:SO:14 .1H:M:S '

',EHLE DE3CRIPTION ANTENNA DESCRIPT;)N

N A $-t T"ET (CLEAR? 2iCOti

TEST CODE: 14 VEHICLES IN THE TEST: 0

REC. F EO. SPEC. ANAL. 3W ENGINE SPEED ANTENNA P,5ITI:L,
,5 tIMHz 30 kHz 1560 RPM a 0eg. a m.

MEASURED APD VALUES:

P,, I t Prob. PC's ,3rms Cal. RMS 7 .'-j, R Nd P .st Ps

1 .0041 O06E-62 5.4 T"E.4.VB,, 20. ".)b..u- .3d5 3-."Bd3uv -73..13z.,
2 .013165 GO8E-01 4.4

3 .0010 22iE.00 4.4£-,4'..L t--l.41
4 .0100 323E"01 3.4 "
5 .0268 394E.01 3.4 ~o~. f.e.
i .0509 59, S+01 3.4 x

. 1000 i40)E+Q2 2.4
9 .e20 t:3e,02 1.4 / A"6- % a)
9 .3e00 233E.02 1.4

1F .4000 231E.02 L.4'

PRMS 1* '*l o:mpkrqs to~ 12.?.3 OB abo,q* KT,- 10. L -32-.& acrcss 30oipms

RFD R1
.............. ' ftl te: Notes

dB above RMS PC's

-100-3
- 7IL u - ~ . -10

,U ..C C...

-40°

3 F, "In,
ZI

' t ! ,

PPO S 
l ro: II

Figure 3-41. APD/ACR data plots for test 3 and test code 14

with Rayleigh ambient.
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vE.ICLE N ISE TE'T 0-9,-21 ') .M'D,
TEcT AETiJP DATA, 5 11:46:51 'H:M:sl

,'EHICLE DESCRIPTI N ANTENNA- ES'C IPTINH

N- A AS-At TEST 'CLEAP DIPOLE AOOMHZ

TEST CODE: 14 VEHICLES IN THE TEST: 0

PEC. FPE. SPEC. ANAL. 2W ENGINE SPEED ArTENHA POSITI N
300 MHZ 30 kH: 118 iRPM 141. 0 m.

MEASURED APD VALUES:

Pont PrOb. PC.S 43ras C10. AMS Y1' V.1 Ya NQtS4 P.
1 .C,¢I I'.-.-l 3.3 .3 ukV 19.0.AluY .a. Z9. 74u -'d.e.m

2 .005 9-iaE-01 .8

4 alas0 1,'E+-01 3.1
5 .0 . 04 9.01 4.4

~ 0100 49,3Z.*2 3.9
S • 10110 '4;3E-01 2.'

.20o0 125E.0 .9
9 .3000 141E.2 -. 1

10 .4000 143E.62 -1.1

RS 1..,I ,:*.mparti t.,) 3.44 313 0bo KT5 * 19. .G 4lSuV Lcrass 50.)ms

-....... .)%"tell Nt"

dB zbove RMS PC,,$

-20 - I 1  L i 1:10

-1 z..f- itz

-- 30 -40 . •

, -Il CI d8 bove Ofrz

Figure 3-42. APD/ACR data plots for test 5 and test code 14

with Rayleigh ambient.
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VEHICLE NOISE TEST O;B/21 1 'M.D/Y)
TEST SETJP DATA: 12:1.3:0.3 .If:S5

VEHICLE DEsCPrPT[;N ANTENnA DESCR.PT!IN

I4 A A$-A! TEST CLEAR DIPOLE 100mm:

TEST CODE: 14 VEHICLES IN THE TEST: 0

REC. FPEO. SPEC:. ANAL. Bw ENGINE SPEED ANTENNA P0SIT)N
•0e Mn: 300 kH: 15ee RPM a d.. 0 a.

MEASURED APO VALUES:

P.:, PrDb. PC-s dBeis Cl. PMS V4 VP Noist P.
I . 606 1) WE0E8b =' N7. IdB UV 2 3.1 3 .8dP 3 4. dd~u, 1; . 'J
a .0005 43SE.00 8.2
3 .0a20 214E#81 7.Z
4 .000 17?E.S 5.3

5 .0;00 173E--3^ 5.3
A; .0500 160E-02 4.3

1 .1000 SS&)E-02 2.3
a .2000 114E+03 1.3

.3000 134E*03 .3
1e .40$8 146SE+03 -. 7

PMS levol coftpares to 3.24 dB aboot KTo Z ,4 dBuy 6'rivY s 113,3 lfii

Riglm, No ise

dB above RMS PIC-IS

-1-!,J2K

-70

-"°, ' 1 5

-80
-5 m SW. -s -6 -4 -Z 0-

Figure 3-43. APD/ACR data plots for test 7 and test code 14

with Ra yleigh ambient.
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VEHICLE N-)I.E ',E: 0 3 2 '7 D9
TET ETUP DATA,: *Z:~! ~:

'EHICLE DCRP'1Z.ri ANTE~4rA DESCPIPTI)N
CIVILIAN4 P A-.. - ' S IL !COH TYPE 407

TEsr CODE: 21 "EHICLEi IN THE TEST: i

REC. FPO 3PE.:. AnAL. OW ENiGINE SPEED APITE-4NA P'O IT: "IN
23.5 MlHz 10 kHz ISOO RPM 0 i..;. 3

MEASURED APO VALU.ES:

Poi~nt Pr.oo. PC- S -flrin 1, 1i . RS V&. L- rit P.

* .0605 ISOE-01 19.4
i J-OIO L44E-OL 19.4

4 .0100 Z*?OE+Oc 4.!

. 1000 17SE-01 I.-;
S .28000 3-iE-O : -. 4
S .1000 1.94E*01 -1.4

I1l .40003 3*9E-01 -1.4

PM" I c~ oemohrti t.! 14.,93 dB &ab'!4 K% ~. dSU .:, )-51 soo-110J

Fie n- o 8

dS above PtS PC . S

Z -Io- S

-401

Figure 3-44. APD/ACR data plots for test 2 and test code 25

with Rayleigh ambient.
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!E MQEnIiE !ES? 0S. ; 7 D
TEST SETUP DATA: i00Qi:1 2& S

-'E ; E DESCPZPTION ANiN DEZCPIPT: :N

C!V IL:AN4 DASS.- O~R 8 CYL. LOC APm- 107

TEST C,5DE: Z! VEHICLES IN THE TEST: 4

REC. PRO SPEC. ANAL. BW ENGINE SFEED ANTENNA POSITI)N
71 "IH= 30 kH= 1500 RPM a 14;.S a

MEAi~uRED APD V/ALUJES:

P0 I nt Przb. P. *m Cal. RMS V a~J V ' _11 -4.01 A .
1 .0001 4k)-E-a 2 --.. 3. $ ,jB W- 0S.3: 7-3 -03a . .Bf

* .0005 240E-01 ~.
S .O0l10 400E-el182.
4 .0100 0Z.E.00 4.0

S.0100 37 E-es0 .
* .1000 1 0.E-0: 1.0

.9 .2000 IIOE-02 .1

10 .400e U8SE.02 -. 9

RMz 14.41 .,,wpari4s - !Z.-~4 dt aoove KTo * . .' *13.Yv scr&ss '50.ims

-50

14 1
'2i 00 -5 41 20 a

e V

Figure 3-45. APD/ACR data plots for test 6 and test code 25
with Rayleigh ambient.
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YE41CLE NOISE TEST 08/2? 71 M. D.,Y
TEST SETUP DATA: 10 01:27:04 (H:M:'5

.iEHICLE DESCtRIPTION ANTENNAD E'CRIPTI'>j

CIVILIAN PASS.(6 OR S CYL; LOG APN-107

TEST CODE: Z5 VEHICLES IN THE TEST: ?

REC. FREQ. SPEC. 6NAL. BW ENGINE SPEED ANTENNA POSITI)N

300 FHTZ 30 k(z 15,0 RPM 0 44g. .S r,.

MEASURE APD VALUES:

Poirt Prob. PC's ,Br t Cht. RMS V Vd Vo NijE P.
1 .0001 6fE-02 31.6 53.0 duV ZZ.4.:3uV 7.3,32 5'?. 4d il,. -. S. 3dEft,
2 .0005 2$01-01 N.?
5 .0010 4iQE-01 19.7
4 .Q1a0 832E00 -1.1
5 OZOG 1851.01 -2.0

6 .0500 3$iE.01 -3.0
.L484 3369.01 -5.0
ZOO . II 11 -i.0

S .3006 1311.02 -7.Q
10 .4000 144E-02 -a.%)

RtMS 1*. W comr~vpht to 10. ?2 .13 s.oo.'q KT,, "?.' dl~uv trori5.'m

-- - - - __ _ -. -0 - -0 lP 3 :,

P. D .. .. .. ....

Figur 3-46 .P/C dat plt -or -3t0 -nd 10tcoe2

I f.

with Rayleigh ambient.
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VEHICLE NOISE TEST 08S23 7 M,' i

TEST SETUP DATA: 14 G3:10:3 -*H:?:$S'

N ~EI~DCES~CRIPTION ANTENNA DESCRIPTIj
IVI PA3:3.Cd OR 8 CYL) LOG APN-IWa

TEST CODE: 25 VEHICLES IN THE TEST: '?

MESPE. PO. SE.AL.9 ENCINE $FEED ANTENNA PST)

40 M. 60k- L0 PM 0cg.3M

9 .005 7E+6 .

5i azoe. RMS Pc/s

ZOO 114E+03 -2.-

9 .300134+0 
- -.-

..............

-40 Il G

------- .. ..... 
- -

-30-
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YEHICLE NOISE TEST 03-B22-7) -M D r

TEST FETUP DATA: L ;08:44 *.H:M:S,

VFHI:.LE DESC IPTIO)N ANTENNA DEL.RFT'1 N
:'. IVIL 1tA PrS."' OF 6 C,'L; MON TP'FE 40

TE3T CODE: 11 VEHICLES IN THE TEST: "?

REC. POE,. SPEC. AtAL. SW ENGINE SPEED AtTEt-NA POSITI)N
23.15 MMz 14) kHz 1500 RPM 0 ,eg.

MEASIJRED APD VALUES:

Poirft P.olb. F:. S Brams Cal. RMS '. l  NO, I* P.
I . 001 40O-02 24.3 47.7ouv -. 6., B uV 1. 5,iZ SZ.1l ,uV -SO. Q0r*

2 :0005 8OOE-02 22.4
3 .0010 270E--L 16.4
4 .OtOO 322E-00 3.5
s azo e 61E$E00 2.6
6 .0508 16aE 01 1.6

.1000 223E.0l .,;
S .2001a Z24E-01 -. 4
S .3000 Z29E-01 -. 4

IQ .4000 411E+Ot -1.4

RMS l*-I .:ompar.s t, I'.1,4 ,i ,b")* K, * 30.73 *iu acro:s 5 'mt

,h1111 Nei 1q

ei o Af is@2 b M C"

-60-
-• .i I__ I I

,1 U, 1 0 -0 -. 0 0 :

Figure 3-48. tAPD/ACR egdata plotsitfor test 2 and test code 15
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VEHICLE NOISE TEST 0:5, Z'7 M 'D"'?)
TEST SETUP DATi: 7 20:57:52 H:M:S-

VEHICLE DE'CRIPTICN ANTENNA Ei;.RIFT )N

CIVILIAN PRSS.k6 OR 8 CYL) LOG APN-Je7

TEST CODE: IS VEIC'S IN THE TEST: '?

REC. FREQ. SPEC. INRL. BW ENGINE SPEED ANTENNI S TI)N

71 MHz 30 kH: 1500 RPM 0 dog. 3 N.

MEASURED APD VALUES:

PoiMt P b. PCo S . C&I . RMS Vb.,g V r40114 =,

1 .0001 0AE-Ol 2.7 52..d uY 27.5.3uV 3.1,dB 1..,3uV -
7
9.4cJ;,

2 .0005 200E-61 23.8
3 .0010 240E-01 17.8
4 .0100 400E-00 3.0
1 .0200 124E-01 2.a
6 .050 277E.0i 1.0
7 .1000 534E.61 .0
3 .2000 792E.01 -1.0
9 .3000 1a 0 -"e2 -2.0

la .4000 1122.02 -2.9

R1MS 1e.,41 *:cofiPar~z to 13.10 JB too-i KT, 3C,.'3 dPukd & r)ja 500,s

3yls Nola*

- - -- "NS PCl "S

dB ~ e .

101

:.. .. 0=_ -Ii-iw- - z ,
-40

-Z 7~ n! . -Fl -4 ; -2~0 Z. a

Figure 3-49. APD/ACR data plots for test 7 and test code 1.5

with Rayleigh ambient.
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VEHICLE NOISE TEST QS/22.7 M, ?1DY)
TST SETUP DATA: 11 21:48:03 (H:M:S,

VEHICLE DESCRIPTION ANTENNA DESCRIPTION
CIVYILIAN PASS5*S OR S CV-L LOC APH-107

TEST CODE: t5 VEHICLES IN THE TEST: 9

RE:'. FPE.. SPSC. ANAL. SW EtNIHE SPEED ANT7ENNA P01SITO N
age MHz 318 kHz 1588 RPM 8 dog. 3 a.

MEASURED RPD VALUES:

P :71 t Pr-3b. PC-'S -flrms Cal, RMS Y oj VP Nc At P.
1 .8001 TOOEE02 =3.4 53.3dsuv 22..RV 7.3clB 5i.4d2uVd -aO. IdEm
2 .8005 2ZOE-01 25.5
3 .010 460E-01 21.5
4 .0100 96#E.880 -1.5
5 .0208 234E-01 -n.3
Is .0500 416SE-01 -3.2
7 . 10e 64E.81 -4.2
a .2009 liE*02 -6S.1

3 .3803 13ZE.82 -7.2
1@ .40013 144E+02 -8.21

R"S I qo,* compares to 1I. 8.3 -2 above WTc o . -12uY acrohs50i

-..............

flabl.",I o~

IE *ibo,"e K.I P's

I.-0 -__0_Ila_ I_____30_5_0

IRRC

Figure 3-50. APD/ACR data plots for test 11 and test code 15
with Rayleigh ambient.
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':NCENOISE TEST 0.22-7? -M D-Y)
TEST SETUP DATA: 15 22:36:23 <H:M:S)

iEHICLE DESCRIPTIO3N ANTENNA DESCFIPrTIN
CIVILIAN PASS..i O P :3 CYL) LOG APN-107

TESI -;ODE: it VEHICLES IN THE TEST: I

REC. FREj. SPEC. ANAL. BW ENGINE SPEEDl ANTENNA POSITI.)H

30 N 300 kH= 1500 PPM 0 dg. m

MEASUPED APD VALUES:

Po i n P,,b. PC's '13rms Cal. RMS Yj 'i . Vp Not$* P.
1 .001 40E-0 22. 5d.d~uV 26.BuV Z.048 69.9CBu -S.53

2 .060 3909--00 7.0
3 .0014 12SE.01 45.0
4 .03101b 141E-02 4.1

S .0200 3111E.02 S. 1
6 .0508 361.0z 3.1

L SZ03E.02 1.1
a .2000 109E+03 .1

9 .3004 1301.03 _.?
10 .4000 142E.63 -1.9

RNS oitt cofa.rt to, -i.73 dl t , KTo 28.12 dauY atosSc,

9ARD Fi C F:

dB abo'.'e RrIS PC.,S

-30.

a [a -0' -4 -i 2 j4
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VEHICLE NOISE TEST 08/22.,71 (MiD/Y)
TEST SETU.P DATA: 3 00: 14:3-S (N:M:S)

VEHICLE DESCRIPTION ANTENNA DESCRIPTION
CI-VILIAN PASS.(6 OR 8 CYL) MION TYPE 48?

TEST CODE: 17 VEHICLES IN THE TEST: 1 2 3 4 1 It

REC. FRO SPEC. ANAL. BW ENGINE SPEED ANTEN.NA POSITI.',N
23.5 9H-z ------ 10 kN:. 15 RPM 0 dog. 3 b

MEASURED APD VALUES:

p~lnt Prot). PC'S d3r,&S C'Si. PMS a. "J Vd Np olz* P.
1 .0801 7-80E-02 18.8 79.2d3uV 33.4.3BuV 2.tQ3 53.Sd3uY -74.5dsm
2 .0013Z 18E-41 17.8
3 .8810 179E-81 16.9
4 .0100 147E+09 11.9
5 .0200 3GIE#G8 8.9
R; .0588 369E+96 3.8
7 .1080 136E+01 .0
8 .2080 291E+81 -1.0
9 .3800 275E+el -2.0
18 .4000 301E#01 -2.9

RMS I...eI cornparts to 22.37 dB abo'v4 KTo M 553 -3uY across 30o.vas

RD A- - FC P

............... .- -h- -

7 -... %. .Paige

-30

-40

-50~

'1- -70 -3a -3 -1 ttv 30

~ ~*a 4bove RMS

Figure 3-52. APD/ACR data plots for test 3 and test code 17

with Rayleigh ambient.
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'IEHICLE NOISE TEST 08,22/'71 (M/D/Y)
TEST SETUP DATA: 7 00:46:13 (M:fl:S)

VEHICLE DESCRIPTION NNNDECITN
CIVILIAN PASS. (6 OR 8 CYL) IIO YE 407

TEST CODE: 17 VEHICLES IN THE TEST: 1 2 3 4 9 It

REC. FREQ. SPEC. ANAL. DW ENGINE SPEED ANTENNA POSITIO3N

75 MNz 30 kNI 1500 RtPM 8 deg 3

MEASURED APD YALUES:

Point Prob. PC/S d~rms Cal. PMS V&'2g qd Yp- Noise P.
1 .0001 T60-@EaG 26.4 52-.9dBuV 39.4-I3uV 5.4dB 69.2,33uV -6S.;d~m
2 .0085 440E-01 22.5
3 .608 729E-81 21.5
4 .a168 4141.08 7.6
5 .0200 674E+00 3.6
6 .956e 1791.01 -3.3
7 .100e 9301.81 -4.3
a .20ee 1QSE+82 -6.3
9 .3000 1621+02 -6.3
10 .400 14;E-02 -7.2

RMS level compares to 27.03 dBl above KTo " 4.'3 d3uV across S0ohms

ARID I__ __ _ A C
..........Vhicl ise

dB abo~e RMS PCIS
40 10^5

30

20-

10 -

-10 10-

-20 - -

-30.

-40~.

42 -60 -40 -30 0 20 41

PRODd8 abovea qRMS

Figure 3-53. APD/ACR data plots for test 7 and test code 17
with Rayleigh ambient.
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VEHICLE NOISE TEST 82. ~ D')
TEST SETUP DATA: it 81:34:55 (H:M:S)

VEHICLE DESCRIPTION ANTENNA DESCRIPTI,)H
CIVILIAN PASS.(6 OR 8 CYL) DIPOLE AC-IF5 KIT

TEST CODE: 17 VEHICLES IN THE TEST: 1 2 3 4 9 It

REC. FE. SPEC. NL.h ENGINE SPEED ANTENNA POSITZ,)N

3660 MNz 36 kN:2 156 RPM a dirg. 3 a

-MEASURtED APO VALUES: -------------------- -----------

Polnt Pr~ob. PCIIS d3ros Cal. 'VMS Yag Yd VP Nolso P.
1 .81 16- 1 29.1 T3. 949,AY -4.5d.j~V 5.:'dB 57.00BUV =74.Sd3N

2 .0665 5062-81I 23.1
a .96196 2@E-01 22.1
.4 .81M 4322.60 9.3
5 .8206 662E+96 1.4
6 .8566 2812+61 -1.6
7 .1008 4822.81 -3.5
a .2008 947E,.31 -4.6
9 .3006 1332.62 -5.6

to .4000 1421.02 -7.5

ftiS 1#*l cosioarts to 11.37 dD x~ovir KTo 30.24 dB-.Y ac~as 850Sohms

APD ....... ...... *M"1111 Holes RC

- Io.blwi1 Noise

dB above RNS PC/S
40 . -. 10's

30 --

20

130-

-404- ~-

X- (v 7 - 5V0-1 -40 -Z0 0 20 40

amo de A~bove AMS

Figure 3-54. APD/ACR data plots for test 11 and test code 17

with Rayleigh ambient.
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VEHICLE HOISE TEST 08,2271 'MD.Y-
TEST SETUP DATA: 15 02:37:2- (H:M:S)

VEHICLE DE ICRIPTION ANTENNA DESC IPT13H
CIVILIAN PASS,(6 OR 8 CYL) DIPOLE AC-I5 KIT

TEST CODE: 17 VEHICLES IN THE TEST: 1 2 3 4 9 11

REC. FPEQ. SPEC. ANAL. SW ENGI4E ;PEED ANTENNA POSITIN
996 MHz 300 kH: 1500 RPM S dag. 3 m.

MEASURED APD VALUES:

Point Prob. PC's d3rms Cal. RMS Va.,g %, Vp Nois4 P.
1 .0001 44DE-l fl M 105. 7,13V 2 5. 2 -3 9 .3dB S.513uV -?.0d~m
2 .0e05 189E+ee 20.4
3 .0016 324E.eG 16.5
4 .0100 956E*01 .6
5 .0200 203E.02 -.4
6 .8560 3StE+92 -1.4
7 .1006 619.E+2 -2.4
9 .20e 115E+03 -4.3
? .3000 134E03 -5.3

1 .4000 146E+63 -6.3

RMS level compares to 9.24 d9 to 'o .To * 30.S dlu'/ across 'Ooim$

............... "hoots 411ill

dB &bove RMS PCs

5@ , I 0-sI'
"S -- ... .-

10 -

10 . . - .

05 -30~a -1 100145

'~d P1O 00 ve ,! M .

Figure 3-55. APD/ACR data plots for test 15 and test code 17

with Rayleigh ambient.
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VEi4Z-CLE N IE 0 ,- . D
TEST SETUP DATA.: 0e:0z1 N:N:.

CI'VLIAN PASS..., OP .3 C', DI:.N

TEST CODE: 2! VEHICLES IN THE TEST: I 3 I.

OEC. FPEO. SPEC. ANAL. SW ENG I NE SPEED ANTENA POSITI I T,
213.5 MH= 10 kw- 1560 RPM a 0;.

MEASURED APD %. ALUES:

Pin, t r.,. FC -,22raJ Cil. PMS ,')"t4, 1li .

1 . 0)) 100E -o .Z 4S. 2.3uv 32.0u e. . 50. uV -
2 .0005 2OE-01 1:3.s

.0010 ZiOE-01 1:-3.3

.0109 -I;E01 '3.4
S .0.30 325E*00 3.4

O8 a . V.0 ?E.00 2.4
7 tZ-300 ia7E.01 1.4
- ..000 249E.01 .5
9 .3030 312E-01 -. 5

10 .4013 312E-01 -1.5

PIS*~.i~ t .13 13'4 K?.) dz.. ju.' h c ;m

............... 'fh!ial I T,.P1 q

Io !o. am No, eq

i i i I" *-- ...... _ _ _ _ __ _ _ __ _ _ _ __ _ _ _
-jE lbZ.O----'i.-PC/

IIt

-4 0

-o D

Figure 3-56. APD/ACR data plots for test 2 and test code 21

with Rayleigh ambient.
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VEHICLE NO1'EE TEr Z 7: r. I
TEc7 SETuP DATA: ;J':0P:C0; d4:M:B-

CIVILIAN PASS. 6 OP 8 1,L B1C;)N

TEST CODE: 11 VEHICLES IN THE TEST: I ; 1.

PEC. FRE0. SPE-:. ANAL' BW E4G I NE :FEED AtITE4INA F '
7- MAZ 30 1,H= 11,00 RPM1 0 :~ n

MEIShJPED APD vA..UES:

4 .0100 4i4E-00 7.a
A).0OO 630E+00 -1.1

6 .O0ai ZZ6E-Oi -9.0
7 . 1000 IZE0 -10.0
.3 .LOOO t2*?E02 -12.0

S .30,)0 144E+OZ -12.0
10 .4000 12iE.02 -12.0

r WS 14-41 cmparts to 2.4' ID xb,7," K%~ * 4.f4 :3,,V a-:r:.jj 50o-r.

HFD . . ..... 16h a NCs-i

40 -ib.; Rli - f,,

-IQ I a -I

-20 - .. :1

Figure 3-57. APD/ACR data plots for test 6 and test code 21
with Rayleigh ambient.
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/ENICL.E r431E TEST .. 2 7Z ,M. D
TELT -ETJF L.-7A: Ll L,:-1:1 : ,H:M: S

.. EN...E~ES:r~r~N FmTE(4,4A I)E-':RIPTr e
':I.:aN PAIV. L 3)F DIPOLE 100MHZ

TEST CODE: 21 VEHICLES IN ?EH TEST: I :3

PEC. "E. SPEC. ANAL. 1W ENGINE 'SPEED ANTEHNA F',ITI ?N
:00 MN: 30 z 1!0 OPM 0-149

ME4ZtSUREf APD ',ALULE&:

Point Prot. PCS .oms Chi . RM:S " " N0,34 P.
L .0C0 UI ZOE-Ot 23.S 1 - 4-131-V '77T. 1.3.j 7- .' S 3S4,1S
2 .0005 300E-E! 26.E
3 .009I0 ?Q'E-0L 1~
4 .00o 32,?E.-e0 3.0

.0200 tZOE* [ -.

aT.30 3iE.OL -I.?

9 -1003 L..Eo0_ -...
10 . 4003 140E4.02 -6.9

I- # l :Mpbr t. 10. 17 dB & 1q KTo 26. 9 1/rosi 30, ri

withRayeig amien. .S

- ft. FNWg

7-7

-4 13.. . .. = -.... . . .. . . .I i .. I II I I l I I III I i III

Figure 3-58. APD/ACR data plots for test 11 and test code 21
with Rayleigh ambient.
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VEHICLE NOISE TEST 3S ' M D ,
TEST SETUP DATA: II; 1 :3 :4: H:M:'

''EHtCi.E Zz . ;:PT:Q# AHTEMI;A DE C.IP71 )H
7 P.N.( . OR R L. SZIPOLE 'nMH:

TEST Z1DE" 2; YEH1:LES N THE TEST: 1 8 I*

PE:. c ! TRE:. ANAL. BW ENGI NE SPEE: 4Z7E INA F-) T:
M-) MN: 3aO H= 150 RP 0 ,;. 3 ..

mEA$UPED API) VALUES:

P" Int P r, PC S d~rs~j C7.l. PM'S ld /P. ~. N'I;-4 A

.• 01 5ZeE-01 25.4 i. u o .. S:u 1.,: I I .. " 3!. a-jire,
- .0001! 21iE.0s 14.5

3 .0010 4.ZE-0 3.'
.4 .050. .01 5.i
d3 . 0210 1Z :E-02 4.6

i .0500 3.i;4E+05. 3.7
7 100.) i27E.2 2. 7

9 .S000 I36E+03 -.3
10 .400 147E-03 -1.2

RMS Ivl 4l ,:,iMPW*& to 3.1i5 -SP aoo',* KTO o 24. . h1*"ul. &cs Sao- ls

dIB ,boN,e R 'S PC,

- . -4,
! ilpjz K - _= i

I 3 ---jit!*
-40

L. I l I , ,

-CU -4! -20 0

209 je .14Ce t IS

Figure 3-59. APD/ACR data plots for test 16 and test code 21
with Rayleigh ambient.
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THE SELECTED VEHICLES FOP TEST CODE 16 ARE NUMBE.(S:
1 2 3 4 5 6 7 8 9 10 11 12

VEHICLE NOISE TEST 08/21-.? (MD,Y)
TEST SETUP DATA: 1 18:4S:4.i (H:M:Sm

EHICLE DESCRIPT.-h ANTENNA DESCRIPT!)N

CIVILA:N PASS.(6 OR 8 CYL) RICOH TYPE 407

TEST CODE: 1i VEHICLES IN THE TEST: 1 2 S 4 5 6 7 3 ? 10 11 12

PEC. FPEO. SPEC. ANAL. E, ENGINE SPEED ANTENNA POSITI N
23.5 MHz 1 kHz 1500 RPM dg. 3 m.

MEASURED APD VALUES:

P.oint Prob. PC/S 'IB3rs Cal. PM1 Va-,jL Yd VP Noise P.
1 .0001 308E-12 19.7 58.4.BuV 35.6;BuV 3.laE 62.3du. -"1."Ii,

2 aee taE-01 17.7
3 .0010 32GE-01 16.7
4 .0180 173E.00 12.7
5 .0200 355E#60 .
6 .ese i29E.00 5.8

Lee$0 936e+ee .9
a .2800 109Eiel -3.1
9 .380 26 9E.t -4.1

10 .4000 312Ei'01 -5.1

R,1S 1,4v41 comprs to 2?.26 dD hoo l* KTo - 3.-5 dpuv &cross 5O,,m:

%Wtenll Noisel

syneem ral 1s1

dB above RMS PC/S
40 -i 1 s

;; (
30-

0

-10 -r

-30

-40

-603 -'0 -20a 0 e 42 C
~ ~asd above imsPPOS

Figure 3-60. APD/ACR data plots for test 1 and test code 16

with Rayleigh ambient.
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VEHICLE NOISE TEST 0.'73 ,MD-Y)
TEST SETuP DATA: * 19:23:01 ,N:M:$

VEHICLE DESCRIPTION ANTENNA DESCRIPTIN

CIVILIAN PASS.(6 OR 8 CYL) SICON TYPE 407

TEST CODE: 16 VEHICLES IN THE TEST: 1 2 3 4 5 6 7 8 9 18 11 12

REC. FREQ. SPEC. ANAL. 2W ENGINE SPEED ANTENNA POS1TIN
75 MHZ 38 kRz 158 RPM a deg. 3 m.

MEASURED APD VALUES:

Point Pr-b. PC/S dirms Ci. RMS 111-g Yd ' Noise P.
1 .=981 TOaE-l 27.3 52.6dBuV 37.7.:BuY 9.14B 72.0.SuV -63.Id,
2 .8e85 406E-01 23.3
3 .8019 920E-01 21.3
4 .8188 499E+00 12.4
I .0208 798E*80 7.5
6 .588 137E+61 .5
7 .1008 310E-01 -7.4
a .2800 598E*91 -12.3

.3888 986E+81 -14.3
la .4000 181E.02 -15.3

PMS level compares to 2?.32 dl above KT* - 4i.19 dBUV 5ross 30o1mas

AFD AC

- Sys%" 1,"165,

dB above RMS Pcs
10-'

30 - - 2.... --

20

-40~
190 17 IZZI

0 -40 -0 0 z 40

Figure 3-61. APD/ACR data plots for test 5 and test code 16
with Rayleigh ambient.
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VEHICLE NOISE TEST 0'21,7 (M-D'V-
TEST SETUP DATA: 9 21:00:54 (H:M:3;

VEHICLE DESCRIPTION ANTENNA DESCRIPTI,)N
CIVILIAN PASS.<6 OR 8 CYL) DIPOLE AC-LaS KIT

TEST CODE: ii VEHICLE$ IN THE TEST: 1 2 3 4 5 6 7 8 9 LO 11 1z

REC. FREQ. SPEC. ANAL. Bw ENGINE SPEED ANTENNA POSITI3)
300 MH: 30 kHZ 1500 RPM a dg. 3 f.

MEASURED RPD VALUES:

Point P-ab. PC/S dBrms Ca1. RMS . Vd Noli P.
1 .6001 IaOE-01 29.1 52.lId8uV 24.S5a~uV 7.?dS 57.83uaY -7'?.343a
2 .0085 488E-01 25.2
3 .0 3601-01 22.2
4 .0100 466E+00 12.3
5 .0280 838E80 7.4
1 .0500 192E+01 -1.6
7 .1000 395E.01 -5.5
0 .2000 90iE+01 -8.5
9 .3809 I11E42 -9.5

to .4080 133E+02 -11.5

RMS lte*l ComparQs to 15.09 dB aboy KTo * 32..6 d3uV across 50ohms

--------- AR9 D ------ 1C P
Rbt".% Noisqj

dB above RMS PC.'S

-1 1---,

to Il 4 t

-30 I[-o

-50 -40 -20 a 20 40

-'°j Cie 4--j--M

Figure 3-62. APD/ACR data plots for test 9 and test code 16

with Rayleigh ambient.
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VEHICLE NOISE TEST Oa'21'7
) 

(M, D/YN
TEST SETUP DATA: 1; 22:20:53 ,H:M:S,

VEHICLE DESCRIPTION ANTENNA DESCRIPTIO)N
CIVILIAN PASS.k6 OR 0 CYL) DIP'LE AC-105 -,IT

TEST CODE: 16 VEHICLES IN THE TEST: 1 2 3 4 5 6 7 8 9 10 11 1Z

REC. FPEQ. SPEC. ANAL. BW ENGINE SPEED ANTENNA POSITIN
300 MH= 300 kHZ 1500 RPM e 34 m.

MEASURED APD VALUES:

Point Pr-3b. PC'S dlras CaI. RMS vi,-g VJ Vp Noile P.
I .0001 56E01 34.0 56.4dBuV 24.,BuV 2.4dB i4.2diuV Z -1.7 dBm
2 .0005 258E+00 24.1
3 .0010 44E,00 13.1

4 .0100 644E+01 5.3
5 .8200 105.E+2 4.3
6 a5800 374E 02 2.3
7 .100 601E+02 1.3
a .2000 110E+03 -.7
9 .300 130E+03 -1.7

i8 .4000 143E-03 -2.7

RMS 1qvol compares to 5.39 dB abov# KTo - 27.11 d~uV acrosi 50o.ims

&WSW"m N.,.. 1

dE above RNS PC.S

410~ I , ' I

30

20

I0-'

:L &10-4

-50 Ti

-~-0 -10 1ID 30 :0

Figure 3-63. APD/ACR data plots for test 13 and test code 16
with Rayleigh ambient.
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3.4 COMPUTER PRINTOUTS OF APD STRAIGHT-LINE APPROXIMATIONS FOR SINGLE AND
MULTIPLE VEHICLES

This paragraph presents the computer printouts of the results of APD
straight-line fitting for the vehicular and ambient regions. Test codes 1
through 12, 15, and 29 are single-vehicles tests. Test codes 16 through 24
are multiple-vehicle tests. In test code 30, no vehicles were running (am-
bient interference only). Line fitting was done on a PDP 11/45 computer with
the procedures described in 3.1.2 and 3.1.3, above.

DESCRIPTION OF COMPUTER PRINTOUT HEADINGS
FOR APD STRAIGHT-LINE APPROXIMATIONS

FREQ = Test Measurement Frequency

1-23 MHz

2-75 MHz

3-300 MHz

4-900 Mz

BW = Test Measurement Bandwidth

1-3 kHz

2-10 kHz

3-30 kHz

4-100 kHz

5-300 kHz

First of a line rair: Results of piecewise linear regression on the raw data

(see section 3.1.2).

Second of a line pair: Results after possibly pivoting ambient and/or vehicu-
lar lines (see section 3.1.3).

VTRMS Measured V in dB(pV), if on the first line.rms

VTRMS - Calculated V in dB(pV), if on the ADJUSTED line.rms

MV my parameter of Weibull distribution for vehicular noise component.

KV 1 10 loglo kv, where kv is k Weibull distribution parameter for the

vehicular noise component.

VVRMS - Calculated vehicular noise component in dB(pV).
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MA = ma parameter of Weibull distribution for ambient noise component.

KA = 10 log1 0 k is k Weibull distribution parameter for ambient noise

component.

VARMS Calculated ambient noise component in dB(pV).

INTERSECT: DB PROB = Coordinate point on APD plot where lines for ambient
and vehicular noise regions intersect.

Flags:
* Measured V > V

rms a

+ - Calculated V > measured by more than 3 and less thanrms

6 dB.

++ - Calculated V > measured by more than 6 dB.
rms

- = Calculated V < measured by more than 3 and less than
6 dB. rms

R - Ambient line pivoted to a Rayleigh slope.

m = 999.99, K = asterisk string f zero slope to the ambient

a line.

3-87



,a -' .c.

"S~ - N ~ '0 S ~ - C

v v~ v ~ -w NN NN N- F. v rv e S n N e

0f VW ' P CCO .019 r- ? -- M 9 Aw 0 I N- SM ,-' -C

I C' O'~ ~ OW MM ~ N 0 C S CW

cc4 W - - NN MM MMv NN nN MM N- NN

CC ~ ~ ~ w mm In~ MW VG Nn C-~C C S - W -~ f
MM NN O '0C r-f N M. m r4M. m ' Ns -X S O-s Mv (T n

*I IS II

NN ry NC wC NN O N N. 55 l 'C S qW

V - - o 0- -

NM-r

N N oM Mv c 0 -- w- s N MN N1 MM 'rM m MN 0

Ms 'CS Se M 00 0 'CC SG SCC Mis MS M0e -m C

-W MM rL5 M 0' 0 - 00 1 ~ -4 O N - M
Ol p m m le~ I 0 Ic m

'CCN I.0 N0 f-I C S N N u m~o 16- M- C - 5

0 (n

SC 5 sS 5 'C 655 5555 653-885



S m
so a;

66 ~ ~ c ey N66 C 6 6 6 6 6 6

-N C. U ci li0 M;0 oC~~ - v C: 0, P.
0~ ~~~ m- mM 0.0 N6 m6C- mf N N -

LU
U,

m, m 110 m0' mM m6- iS In' fm m6 N6 Cc n0.

C. 

.q .0 .0

fn enmM N N NN 'M M M - - N N N N 'mM - - NN

r- CC -0 - M; ; ~ m m0. N n m w6 0 Q% v
s6 76 em zm. C M 0 N tN M - N 60

-T! 'Y3

uV.~ 'O 6 '~ CO MM "N N - CIC -0 c: '
'00 en fl ~ n~ C C - NN N M

-WI Ip .

6- mM in MM mMMe r fnM MM m NN e.N M~E m N N

14 NN r4 m en v

-J tm Lf)f Lo INN 'C (A F: L tr V!

6~~~~~4 7cM t' N i i C

-~ 3C N( ii N 6 .flgf LN 3-893



-- -0 N n en -. C fn.

4 -a-Z6 m- r a -a E ' '

'C

Lr U' n c N NN N qN fn m M N-)r N N ~M ene NNr

0 MM NN mt I0 'en 'qr' '0 LnO cor Ol ai -

'C NI MN Z'O 2:2 7NrMM- - I

N ~ -- - NN 10 nM fn 10 M'N MM

In 4i' NN ci Ni .. l P 0 wO 'y- '0

'0' 7i -l 7- TO M Y TC Ni N

4 ' m m6.s-e T , Gr 's Ps r

44 44 - 4 y 4N 'y vN 4 N N N N N N-N
310, 0% ccg , g ~ g i i i

'o le - 4 P.-Nr 00 Icw L
"" esg "I

' .ACO'n MN W "'n . ,e

VN IV iN NNyryV N N NN M n N.v M'

olm' 0'' TI fin InM roN 'No 71 'CM ' N m f

P I 1 MM 'M - W m Ch MM aN M N MO 'C m M
fn mj ii O. M P N 0r- 'P. M) NM

NM~I F ' M - N 0.0 iN Ci
NIC In CCmi Q'q fm r-o '- in sO

-C d

PP -- 'M 00 M 0.' '0 '0 ON3 C -90



CO- 0 0 ~

0 *J Una ssm M

CO1 013 -W v~Ot '0

V-I~ E NN nN rn M M N N NM N V N V

IC~ NN N NN N N MM N - N NN N N

0N0 :6 -Z 'A' 'AD Mm I n ns -.-

nN tp N C N- c ~ oL >' p. S'% .- M w. j
V V. z mC r - l 0 1

Ln X, S -Mr p -V CS 10 MIN n- M nM e

uj .4 NN mmM C-Y MM 10 VN VN 4 -
w 0SvIw e

LL L
so ~

MC 4 N N fJ N N N N N N N

z yN 4N N N 44 NN VM t . NN fnen

.~n N 'C 0 ~ Lnn Inn in-~ ' N

4.4~'. .Up LN 'C- L UQ~ N- 4 '~
-~ M 0 M 00 S en- f" f. m 6. 4

-- V, 4 'C.. fn (A tm MM N

Z die

S3 9

MENNEN= t ,. 4 M* ~ MN 'C 'CnS



.--. ~ N~a c v NC ' N
-1 P -4 N

r .. .. ...... -.. .

LM m m ms M m.n = N

-CC

0- C -k ^s4~ qr T'J N 77- N\' N~rj ~ r ~ N

'U

P, .. ... as v 'o c v- . .. . .. . .

> I I I O Ir I -- V V I | I 'I I O' C =

3, r JN -s ;7 X, -- -.: - S

V4 -V ., p T T v =Z ;j -, q S (>

y 44 z4 Ln NN 'o f c w4 X% X%- m N- en

aU 4 -

- ~ ~ ~ ~ 0 ,- -T 'r~NN 4 c c : c

'YM N , FV Mf' Mg e-I M '-NC f, 4N -f- ~ t" -

-. ,.l L44 !-M V! V. V) ~ ~ N M ~ ~ O

'C~ 'NN N NN MN M ~ 4'M - 92 N MN



ti N - - a- N~ - ; 1 S'

32 ST ss, a~ S T sT S

0 I'N 10' le N, '0' le A C 'o T _

- 'CC 'CC - c- M T -- n S - S 'C C -
N N N'je -4. M' MN Mr en

as~4 fl49 L- Ccs N\' N -N en -- N'

Ln 0.0 0 - - 'C 1' t

p pC M, N N n -' fn ' -S xt MO x

SS II C, N r

-- 4-4. OT 'nt 05 r- ''n p' 0', 'n C.

-r t v -e - - n N rN MiN e n j CV N -N N N en e~ en - l.

CNN -- Z -- r ; n- v - ,

fC N p Ln T. N , MC 'n -- N

M5 qN- n. J

p CN M CNm N N In If m ne yN N1

N II N IemI e n- f

.~ '.0 .0. -- - f~r) e'~r~ '0. - r'~'Vi

-- - ~ 00 ~. 'e~' '~iN --- -93t N 5~ ~



NI

rm

mm S = = v. M V. SC S =. .0. :.v

* - s-9- I-I I

IN 71 71 77- I7 No 71- I I 77 IN

T I IV IC m -

._. . . .......... ...... .. " ....

=_ .

> : '' , \ ,N -N NN , - - - - .,

~N N 'n N ~ L~'~ f~ N C N

e- e i1 N -4 'y 'i -4 -4 A mN (n f-- .

-- ~~~~~ Ni I I I I I I I I I I I

3-9



S m+ 3+ 1 s 1 ' T S...._

.a

ry N

-N ,C N n n - - N
<~~ NI C- 'C S~ Sn vC Iw00 - -"t

>- I I NN I I I NI I I I II- I I I IlIl I- I II In N I

- 5 ,...,. '0 1- J tO 30 C

+~~ ~ "--. O,~ + 'c 0 ' m ' +- v0< ='s " > . ",. 0'.M --v 0 ")

44 ,4 4~ N N 4 N m-N N Nl~ N N-N

- y I In I -C I a 0 ri II

-S 0-

-' C,0 V0,' 0 w T w r

s. s~ c0 s5 s- S:- ss ST s~ c~J S O I~ '

<+

+w '.J ' NN n--% 0' ~' .- , ' .,, ,I + O" ,l C +'C -N Ni L+X --t1 ?sJ -I<"

' -C "+ " - " -+'-+" --' 0'"" "'0 -' C- 'CO
- - T -- 'I Nt, N fl +' 'I l 'IN,, N,..M- -'0

-C -C -C aC -C

,, ., .3 . +

0..

* ., . -+., _+ . .. ." ' - _ . '+.. ',, .- .f l + +

3-95



No z '

NN n

- NN -'- v- T~ m0 -- Lp N'0 N r-r tp~ c 0 '

~~ c' --C C fn C ~ ~ o -- ; C 0 en

0. rJ DN NN pN v'% N'~ 'N -- m ~ t' NN P -M 'J

-T Lr. 'Nt', r'a- N .. ' - N S 'v ~

ITN -e ~ ~ 0.' ff 'o MNNO 'I~ M ~ M n Fl "I C

_u 0n -- N ~ ' Nq 'o' vq - ev en tno o N I o' 'N

'> ;Z, M i J) C -Z gi a i IC IC ig ii ii

ell. Nr 'N MIN N N m N m~ 6)V N ~ -.M r -e O rU

=0.~~ -L! ."- =0' IC _n c- - -C '- 'J

~0. v~ r~' rj"' rJN NN EI '- ~~' r'j~ - ~ n ~ -ui I'k

-n e I N N') n r~ m L ""v N -1r" fI ' f en ' M - -

S ii II

'~'5 -~ -'.o e'5 SrN ~'- ~~5 tnLA 5 en- 0
"N r"'~ ~ ~ - ~ r'~- 'eN ~ 5-. CL "-' CS "

"N N OZ' NN 'C ~C~ 0. " -3-96=



NN~ ~~~ 'M P ~l ~ ~ * ~ ~ 01 9T' '

0.31 ZM m9 -Ol - 1 0- So -C" - 1'C

UNLC p '~~M o M 0-0 MQ ~.C ' -
-l LN tv N .N NN (VI m ~ m fn N 4NN )m MMn '

M-- I.,C 0-~ 0,.r M~q V O4 V- MO'-0
33 ' 'CS N- N' nC m" mM 0- 'C

nl - -s tn N o~ MM g -gg 0,0 MM --,o N '

N NJ'' N0 0- rn - - -Nn 11 ^M T N

0- o -.L - r- NNC S V m~ rl4

0.0' 'Ce 0. fM O'S LM NM N. N'J s- 30T'T n

00' 010 N- m- v~ v3 NP .4 - N- '0-

-n en NN - N4 N NN (n" N 'JmNn NN

finm n ~ ss i X% A- 3 i ~ '~0 **

MM MM fiN -N 0, Nif 0'N fi- 'fin '3

MM T NN N N= =,C MM MM --

-> P e r33 N0 P' 0,-0N ~ iC 0' . 4

-4 N 4 N e rn o'
0L - n 'C "1.' q M N N N N

'I .a. .3-97



won"~-jr~~--

~~~~~~~ ol% --- ~~' ~ N . -~ N~ ~ ~ ~ ~ CO 'm - r4 ~ Nsms
> ~ M ~ ~ ~ NN ~ - NX4- N

~~~ CO T ~ C L~ 0,3, C O O~ OS

LM ~ N N NN ~ ,S 'y -

-C 0i I V .0 X, 00 m ~ No 0 ) 0 O's II

0, 1> NN~ PC '14 C- % ~
--I In e NN N I N N N

Oc NC 0, -M -03 p - N S S T
IR sVN maJ 'o~~ NN I N N - -NN Ns C N D v

W 4 J~ pJ Ln' -- 0 m' ffN 10 -- N I'

N- -' NN X4 CC NN -1 N~ n r

N. s mE C > %f ne v~ 'VI N - NN N 1 N

-r -4 -1 .1 N-n N?- N NI- N'N. -

3-98



oo on n eV 412 C

2- C't'; 2'r = -N N N V~ ff) jj - T N NenJ

Mtn X- 1) 10 - T MO ?n M O'l IT ~ .O Of

>0 C,' Z -- -- f'4 -C CNN N- ZN N N -

Ml4 MN M V N V-l N m I M N C' N~ m~ m-" fn' fn ~ N -N

(> ~ V t\*' 'c0 esj 104 -- F-1 NN 'C r- -

c ~ 44 4 - -- ,4N *.-- e' 4 ~ 14' f4~
- n11 4 .) (n en N- NN C' 4 N., N -- N~~~ N N N r' N N - N

I- r=- oc' v -e -T m ,m rn -4 ' ~
NN -C -v Nt o 0

T n. '' ' N N N NN 7T tNo N N ml sI r7 N'N

3mf 2 T- V5 M* fn 10 - 'r N V- SS t' .n 'C.

I- 111N tN N N- NN m N MIN m N,' mm-, vn- v~ INN v N

.U (N N en'- -- 2,- t-" le N: 0-' 0C J) '-~ -

N>."~00 ICJ S - r4 !. NN~ n- N -Tn q 'Sc

P v- IIrl en

55 - ~ 'I 1 C C -, 0'4 N ~ ' "i -
=S -- nm mm M= tiN ST- - N-

II

-C t 4'C - . 0' NIN "5 N-) 55 N C T

I n IN N N 4' N N n M V v

;c -C :c - -

3-99



NN m ' r'C vN -N N mm v NN .0 -'0m M.' M,

V N j N - 4 -.A LM -- -- m- m 1 :

:a zn M cn 0.0 Mw- yN m ' NO I

s x NN -- 0 NN m0' 0, GM z s t rm (, ML1C

c 0I c' N N N~ N MM N MMM N 4 NN M MM N N NN

33-.

ffl N.0 MM In m- 0O -C 'CMC m 0v N I

n. VN vN Mn NN 0N N N MM - N NN M -

-Z- -MM .LV j -T CN -- - 00 -PO v -1 0-A 0

0-C 01 0, O'O 10 a) MM0 en~ r' r-l '£10C
= NI\ =33 00 _nO MO m- M -C -0 -1

O'O'- 10' -n ZZ .. " MM N ' -- N NN MM = MN

In n- 50 r N'' MM-NV- :M ~ '' 0
C'~~~~~~'0 m' 'o nN00 ~ '' C S N ' ~ -

T1 -4-Zy ; Zs

V'C N N A -A- "3'1 N.3 NN N~ A nn A NA '- nO v~s R4

-4V P 4 1

-. 0.~ ~~~ 71. i . 0 .'9l 0- 'O N ' t3'~ ' O 00 O
C0. JN N) NM -- ) NN tA MM(f)N M It3C N n

m Mm

-- MM OM M' MM n- ON 0-- C-1'00 C MC M



:n'O - :e' ~~ - w - ~
o s N Nei 1 N 'k

0 t T~ OT SS CS M0 50 s M MT -

A3 r\N A~ NZ 7 N N N 0 n N TS I-, 1-, 3, 5- 's

.}

S

'I ,,0C p-- "''~ "00 50. ' 50', r". -? , ' '- 50 :-

f'.t,0 mt MN unJ v~ M5 N. NNnl

"i Ag 'i 'i -nn m' m ~ n ,' n- n N4f, " 4N -4

- 00. "5 55 @ 55 t' '-") O.' f. t 5 '

--0 0 I 5'S x O . C Cl Z.0 C C' C C

L' I, I I ! I -- -- I ! I II g I gI I I I I I I
z. In 2.

o - -' ' - s N' 5 0- ' M I ' MM -'O '
-1 eI en ~ nn ITq e Url% utn P NN er' n V. m* NN m fin'

0' .. 0 -C m. . X - *-' •
- - ",'N N '0' 0 'N '0' vC' v Z ,

-. 0'') ,r N0' -- ' '0 '.,"- '.O S',+ 05 MN ' M- "I

. -0. . .. -P l- m -

- _ . . . ... ii - + -l llll _ I ii i i .i .. . . . . . .. . . l l l i ii I I ii I | I

'CC

44~0 fltf ',' t'',0. s 0 n ~ c. M Sn

00~~~~ PA -I M ' 0 0SN -LM ' 'In fn - N0 N

LA - '0- '-- 5~' 00 "n- f~. e-~r, - ~S 5 S

- ~ ~ ~ ~ ~ ~ . t.1 '0' V: ' N 'C 0 'C"N ' 5 ~
'- M MM ~ V'' .".I ~I'~ NN MM ""I '? N-C

3-10



Nm -, OR w~ -Vr v

"1 0. mM V - M O N ~ ~ ~

In MM l 01M MM ;; m~ 11 l Em v NN~ NM Mn NN MN

-- r N, 'CO PIj 0, N-I~ ~ -C vO~

-i MM MNN M M *~v~- NN NN mn -N NN

in1 1C 7r T- 7-~ N M~~M ~
Wi It

S 'o VO. -1 m0' ,%Hf X, 'Co p ~ ~ '~ 0

mm nN 10 10 10 ' 0 N NT -N 3,N N

'I Mn rNM 'C' N 0 -rn vA Lf( 0' 1?'.- 0 ' MO CM 10In M

J ~ ~ 0 'i -S - C VS A - NO M ? , M'C

Z P- It P? a AO NO N T z0 N' In C .7 fn

M ~ ~ ~ ~ n NS N- ?-m vm'A A N' - ?? "*

0 n L 0.3 NS -0 00 c N -O N- Z MC 01M
ii~ Ii HI HzH

-- 4? N, -- -- - o N.. AS * N

* - -- - - - -- - 00 q -- -

C, en- -n - -

en n- en n. N- N ~ N"'- ,;AM- - 4r

-C , -, -C -C 7H ;c

3-102



- 0 -- s 2 cc 2 ' -S -e igr ;; - c vC 0g- oo '-
em tv~. N - NN en fl, en f rm NIN MM en en e In

Li,

LJ

V, -C en Ic 1 I' Ln rm fn en r M 02 m I m I tL .01 r

I • • V• • :i 1 1 0• mc m () I- c m N

.4 T 4 -- - - - .0C N N
N N N N MM N- N N N In M -I

Z;: InM r". OO 01 TC M2 T' m Na c 2~~~* In r. r-. 2 r M q N 0 2

fi It V: .• +

va? -~ 2~ 10 "1 -- InL - " ' N; 00 VN - a

LM Ii II I I 11 it II11III I I I If

.0s '0 ~ M ~ 2 t 0 tat '02 0 M? ~

-S -N0 -- --4 -. -- -- - - . .m 0 = -. S w m e al -

--10n

. ... .... ... ..

S00, -, ON C2 0n 02 M2 T m T 0 e '2

s- C0 0 "1 m' - -Y m-r 0~, 0 c- v -v aN
en en en- vM v0 M 0 vIa N N. mmN ena m C 0 N m N

Li~ z'' ry m.0 mN N2 2q ' ~ ' - - v~

1 O IS v'n M 0N 0 T L '2 Im 01 a, 0 af 02

> "e* - 2~N.N 'aM.-C ~N2 = ~

-N -m %. V2 w2 -w2 N2- In2 w' MN MN

-~ PI -V InI I II

ZE-C % - - -C' -C -Cr 02 - --

0 Ca -~'C MM .2'~- '~~ NN NN N M Na N3 -103-



m M~ m~ mO c s~ 'T N* M0Q ~ 0 ~

O's T~ IC O"C =v Nq -N 'C % M ~ ms

-- NN NN -- N N NN NM MM NN MM MM N~' N

U

~I M '

-y 'V N m N NN NN e N m M --

.L,- P -I Ln OC S- -C O In fl, 10 T- J 0vn IL

- 0 .' C C N CC M. fn' CO n 7. IS"~ CM m 6n

'- c - P-- - N 0, SN -- N N M -

2:2 en in V4, r4 -Y ry II I i i i

CC ~ ~ ~ ~ ~ ~ ~ ~ ~ I 6:' C M C ft ~C N'' 0C M C - t

MC M CC C w'C CC C CC C q' 3C104

~ J rC "'C ~ t' Nf.C-A



~~''2 c N~fr~ -

Fn In IN (> 0, -V w '-r -V M~ LM t

ol -- CO 1- o1>' ~ - r.

-4 - ~ - -T vv~ -- o, :o~ -t% N c
-f NN N N ~N N - IVN ~ N

s -N " IV NN -N mN 1 %M - M mN NN NNoNl

-- 'N ') -- NN N rIN -- AN C-0 N, N ~f

-q P~ 7n 2c O'm Nf mN m 'D'

2 , -- - -- !~-~ V-4 n- -M -a~ en ' 'C'S

- 0~ m flO NO N~ 10 m .w0 N -00,f N N v .v N v

0'~~ em~ N ~ NV m0 m ev 'ON el' V f q~

e,. en M 4 "v

~~'c.o tA f ' ' 'C - - OV 5 -

-- EN N -- - N NN~ M N NN ')~3"-105N



1- r!0 .0 .- N'Oi %

-4 4-,' -' -N -'--

,c 'o - V' vv 'o . NM -- - mi N z- 3 4

c NN 'T-e N 'n ? N1~ n- X% 0, -4 N 0 O N - ry-

CO C~ O in m ~ '10 MM -P z ~ g v C

z .

1L MV V "N NN N N mM en 0%0 -v v N N NN --NNN

N.1 P O 0 ' SS l ev0 z 0 ' el. I0C Lm.m -C '0,

'CO ''4 0: 4T -N r~~~ - N N N - NN

~~fl1 010 N N N J MM W NN =,N MN NN MM

N ol T = n I

Jd ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Z Vt' -~0 ~ 'N ~ '~O - - "C i.f '~~~~~~~~~~~ 'C- 'CO .- o s.j - 0 C '1.' W I

~ ' NPI ~' M vI -N O'2 f.9 %0 .n c M

z ~ ~ n'~ 'n ODW N- Nen MO P' v~f vq ~' '' e .'
fn MO1-4 '1 -. - ~ ? ~ .I C '

-I'.I.

O.-0 -- ~ ~' -~~ N~ M- M MN MN M f

0 I~ II I3-106



~~~~N ~ ~ T Nr MIDa ~ - YO - f~

'O NN Mv 'MM 0 aN t 0. NN 5- vM =T
'N e N N enc N(% N, " 9 'NN NN 'in en "I rm mi

J) -4 'N o 00' 4 .N ~ M~* '0 0, LMb V~ Z 0 0f -0 0~

' ~ ~ j~ -i a s v~ v 5 M C c L vs vst~=- .

0 -4 4 N WMN N' N~ N.~'

N'C ~ ~ Z M0 a sa -,)' as 'c M*t" -0- a 5~l . W

Ic1 v (- l enN le v '00 *1 -- nN w M M n -'o NM

N- N- o- Nt ~ 2 0e 0S S' nl 05 (M N -
'C- 'CC n0 C q~ S "N q' ' - 5 "

5 
5 ~

NN v N - N N 4"'JN -Y~ 4~ 4, 44 ' -N -'4 N 4N IN- N

NN IN N' '0u" 'eq N 5 M ~ 0 0 N0 1> 01.0 vIN

~~~! 'ci- -4 M~ ve 0r' v0 ~ 5 C 'A

0, '

-> ~ ~ O VO ~ NC 'f 0. -. s? M M M~f! -V fl- '0 '0 C

> e -- v 5 v- 'ee' S- MM M~ NM' 13 N "INN
x t i I I It I

M- N NC'4 li "-r ;o nM 0, 'N -N' '--, Nc ' o Po' N N-
-4 Nf 'e' MN flY '' N4N M NN r- NN In- M M n I en f MM N e -N

-C - C - C -

as as as asa's s a's so 3s107a



1 X! -. - r 1% M .~ . =;; CO z'Or?1

N Nr ry je N, M'9 Nm&iN N e N N N

N- N N -- N'r Nj' z.. - IDN C'J '0-

ev sm XO:4 4gI 4- - - J -- v1

%.

L4A pf m .L' Ts~ N~ N4 04~fNM
=~ ~-: -e -- 0~ 011 r'I4 p~ S- L 'I ~

- v- 'n-m 44 44 ez 4~ 49 44 4- -9 4 9' C4 44 N

IN N N r m. IN f M9 NN.V M9 11 n -4- Ofn O

w 00 0r .J .0- 0IN VC NtM vI '\l

N4 C

- e,. mI r, el MN r ml Nn V9 N

:i 7U Lj 7JLi Li
-- - N

1  
Ni- N- N~ N .91 ~ .. ~ ~*~ j.* n"

LI A ' ~I 'I I, LI LM V)l LMt II

3-108



NC Mn Ln -. InM mN o,3 N.- o. -

'00 '00 Mn cN 10 .- n' S~ T M w N Ln 'M

ff MM 0 RN im M 0 rm 6n' MM % vif ISMS MN W0 tm -
v 4 RN MM) ffl v M MM n n 'C'0 - 'S' 'SS

44 4M MM MM -* M* MM MM; 44 -- In NN M -- R

In In m N nS' nf -I' ; AC -I A0 -I' vS v NN I N

m- MM -lf X%0 MM m -t'l cM0S - N - -'0 ~IN NM

C~ IC0 '' S RN '0"- m.0 NN 44 fN '0 ' i- -
F- 'S' 'o v v4 - 4 ' S ff Ti m-' - mN M ~ N

C.. I It II II It I t I I I In M IN

'pi IC MM 0C 'C 10 mS' M - N N M 'S I'S n SS (4
'C'C 35' 4'~ - N N vN f- . ev'~5 . . ~
- -'S -- 0~ M n - T nO "D -z -c MS

;n l Mot M N 'v v RN MM ry N M' N NIN RN N. N N. YN N

<> en en MM MM MM I~'~ nn N M M 4' N. RN

Z -- M S' - .f INN 4' 'N In SC 5 0- f' 0

In In 0

f- %'S -M e' -Z 'i- 3)I0 IJ Cf V .f ~ 'M .' -

'n 0.0 44' m'J nn vM v PNN N n-m(v NNRN m

e% e-, fifi ('4" N-' ev- 0.. - 'S m M." - 'S7 m r"
4 1 L I n I

'S ~ ~ ~ ~ ~ ~ 7 MM;2'' M 0C N - N 4 .0 C -S N 0

- MM MM M M MM 44' 44''nf RN RN M 3' 109N



:j"
UU

-J ,, ' P,.+, ., . S ,Z , . . .~l r..

n -- NN

-It I I I I I I I I I I I

t-s

rn t 10 % C: 0

+. ,+ 00 M < 55 'C << 5

S LN M -- Ln L Lf

w r- CY N C ryJN

.,N J J .. IN .g, i t , J .. .JI N ..J 4

..... . .. ... . .. . . .... .. . .... .... .. .l ' lI I . .. . .. . ... .

oc 0 m0n Nr

-. ~~~~~ - -0 0 5 C C .

-C 441 49 -C -CM M N

n 0 C cc oCI

In mJ JL

3-110



' ~ s m s~ nJ~ r~ mM sMI - M S) -

~ NM MNN Mm Mn In In N NN M NN m

Ul

v -7? 'C 0'- c C T -- ;; 'c 35 T CC~ N NN~JN -- N t\ M M NN "JN MM NN mN

In. ;~ '. n M N~ T
IC CM w. J, NN-4 N C N M -4 N

W' M ~N T5 p t, 0 s5 mS -C mm 00, v-

M MN MM N- II~ -q vq~ ~ - N N M N N

Lu :N - s5 U, .jC 'o m' C- SS~
NC 'SC '('C NN~ x- , - z~N '

I-I

.LJU ~ 'S S~f ' '~M CC M C 5 5 00 '~0'

Mr -Y MN 0, N, N MM ss N MN 0M 0,0, M

en en N' f: (n P)~ fn~ en em C.V en v N n I

7c z~ Mc -C( -C C -C -C -C0 -CJ -C N-

55 - N- -~ - NS 4 yy N y 49 C3-111'C



3.5 DATA PLOTS OF APD STRAIGHT-LINE APPROXIMATIONS FOR SINGLE AND MULTIPLE
VEHICLES

This paragraph presents the data plots of the APD straight-line approxi-
mations for single and multiple-vehicles. These plots were constructed by
using the data listed in paragraph 3.7.6. These plots show only those cases
where the predicted and measured V differed by more than 3 dB. The plotsrms
show values of voltage threshold in dB(pV) versus probability for various fre-
quency-bandwidth combinations. The codes employed on each plot for frequency
and bandwidth are as follows:

Frequency Bandwidth

Code Value Code Value

1 23 MHz 1 3 KHz

2 75 MHz 2 10 KHz

3 300 MHz 3 30 KHz

4 900 MHz 4 100 KHz

5 300 KHz

3-112



A.PO D6'Jl 0EPSUS FRO08SLITY
FR e14 TEST CODE

1 2 1

.001 -000.5 .001 .e1 .02 .0 .1 .2 .3 .4

14PO 081J1 I)EP3US PPOeASILITY
FR 8W TEST CODE

3 24

650

4 }fUPM 1___ 
_ _

001I FA0" -m1 01 02 .05 .1 .2 .3 4

3-113



rip OetjtV "iepStJ$ PPQ9ABtLITY
FR BW TEST COOE

323

'00t ee5 -st at .02 .05 .1 .2 .3 .4

Apo OBULI k.ERSUS PROBABILITY
FR SW TEST COOE

3 4 22

70

8801505 001 131 02 05 1 .2 3 4

3-114



APD DeU'." .EnJU PpOeAsILITY
FR EW 'TEST CODE

35 ZI.

60-

o601 o 0eseai .01 02 6oz 1 2 3 4

APO OEUV OERSUS PROBABILITY
FR BW TEST CODE

4 5 20

'50
40 -

...- _______ - --

I

wet ow0 .081 .01 .02 .05 .1 .2 .3 .4

3-115



APD OBUU IUERSUS PROS(B IL IT'e
FR B14 TEST CODE

3 5 20

30

,o8861 a8m .8601 .81 .02 .85 .1 . .3 .4

APO OBUV.. ')ERSUS PROBAB8ILI TY
Fp eW TEST CODE

1 2 20

50

40

38 - _______

8881 8805 8el et1 82 85 .1 2 3 4

3-116



APO DBUV VERSUS PROBAB ILI TY
FR BW TEST CODE

3515

60

6001 6e65 .601 .01 .62 .05 .1 .2 .3 .4

APOD BIU U ERSUS PROBABILITY
FR eW TEST CODE

3415

3-117



AOOBUV VERSUS FROSABIL[TY
FR BW TEST COWi

2 5 15

30 - -___

.0e0i .8m5 861 .01 .92 .05 .1 .2 .3 .4

Apo oeuvV IERSUS~ PROSPS ILl T
FP SW TEST COOE

4 5 1

40

080 ems eel .1 .02 80s .1 .2 .3 4

3-118



APO DBUU Q.EFS'S PPOSABILITY/
FR BW TEST CODE

11 12
60 -_ _ _ _ _

40- _ __

.Net1 .Am6 .86 .01 .82 .05 .1 .2 .3 .4

APO OBUVU 'JRW$ PPO9S1BLITY
FR 914 TEST CODE

50__17 1-

40

8600188050 ee1 A 02 .05 .1 2 3 .4

3-119



i PO DBIJV "ER$IJS PROBAI~SLITY
FR SW TEST CODE

4 4 11

50 ____

- A.I

40

0001 00ss .891 O1 .02 .85 1 .2 .3 .4

APO 08t.JU VJERSUS PRO9A81LITY
FP BW TEST CODE

401

30 -

.001.em 101 .01 .02 .5 .1 .2 .3 4

3-120



AP OBUU ERSUS FROBABILITY

FR .W TEST CODE

70

4O -

20

0001 065 .e .01 .02 .05 .1 .2 .3 .4

POP OBUV VEPS'US PFOXABILTY
FR eW TEST CODE
4 5 9

-5'0 __ _ _ _ _ _ _ _ _ _

40

.OPA1 .8065 .801 .81 .82 .05 .1 2 .3 .4

3-121



APO DEU VERSUS PROBA8ILITr
FR eW TEST CODE

44 9.
60

40

20

.0001 .0005 .98t .01 .02 .05 .1 .2 .3 .4

APO OOU _IERSUS P_ _ABL TY
FR eW TEST CODE

60 1
6 -

.8001 .88 881 .81 .02 .05 .1 .2 .3 .4

3-122

~P0 08').-,-,--,,,PP85mB IL IT



APO 0BULIJ U ERSLIS PPC'BABILITY
FRSI TEST COOE
3 4 9

70 -

60-

4e - _ _

30 T - - -

0001 .8W95.81 81 .92 .05 1 . 3

C-32



APO SUU k.ERSUS F:POBAXILXT'
FR BW TEST COOE

40 \

20

Wei em .801 .GL .02 .05 .1 .2 .3 .4

FR E TEST COCE
44 8

0

404

18 -, __

601 00.5 .861 .o1 .82 .135 1 .2 .3 4

3-124



APE# 08UUJ '..ERSUS PPOSAB ILI TY
FP E:W TEST CODE

3 5

70 -_____

20 -

0081e L6885 .eel .8 .82 .85 .1 . .3 .4

Apo oe'Jv tJERSL1S FROBAeILITY
FR BW TEST CODE

24 8

IRMI
30- ~''

0081 .6685 081 OL .02 .05 1 2 .3 .4



FR e-1- TEST COCE

- 'PMS

6001 .0605 .601 .8 0 .5 . .2 .3 4

AOOBL') ')ERSI.'S POAI TY

2 4 5

150

080100~58.01 601 02 .05 1 .2 3 .4

3-126



AD-A121 580 VEHICLE NOISE MEASUREMENTS(U) ARMY ELECTRONIC SD -G

1GROUND FORT HUA CHUCA AZ APR 80 USAEPGIO W 30

UNCLASSIFED / 21 NEIIIIIIIIIII
IIIIIIIIIIIIIu

IEIII'

Iif



-

11111 5 M1 1 1-

MICROCOPY RESOLUTION TEST CHART
NATIONAL BIJRLAU Of STANDARDS- 1963-A



A.po DSULJ '.JERI"S PROBiM8 IL ITY
F8 S TEST CO'DE

11

.6881 sew6 .681 .01 .02 805 1 .2 .3 .4

Apo osuv v)ERs1.s F~oeABIL1TY
FR eW TEST CODE

2 5 4

40

.0001 am68 .681 .61 .62 .5 .1 .2 .3 4

3-127



APO OBUV V)ERSUS PRO8ABILITYFR SW TEST COOC

6-

40

20 -

.600 : -am ee .t .2 .5 .2 .3 .4

APO OSDUI VERSUS PROBABILITY
FR e~W TEST COOE

70 ___

40-ii

6.6I 6 e5 .061 OL .F2 .05 1 2 .3 .4

3-128



APO DBUV JERSUS PROBABILrTY •

FP ,W TEST COOE

70 -

- 1 -

so

IsI

.01 .6905 .el OL .02 .85 .1 .2 .3 .4

3-129

=MN



3.6 COMPUTER PRINTOUT. OF COMPARISON RESULTS OF MEASURED AND PREDICTED V

FOR MULTIPLE VEHICLES

This paragraph presents the computer printout results of a comparison

analysis between measured and predicted values of V for multiple vehicles.v

Each sheet lists the associated Weibull parameters and intersection points

for individual vehicles, the predicted composite, and the measured APD straight-

line approximations. These data were compiled for the following tests.

Test Code Number of Vehicles Tested

16 12

17 6

18 6

19 6

20 3

21 3

22 3

23 2

24 2

The frequency (FREQ) and bandwidth (BW) are shown as part of the top

heading for each test entry. Errors in prediction and unexpected measurement

results were flagged with the following code:

1. On a "MEASURED" line

Measured composite V less than for one of the contributing

vehicles by more than 10 dB.
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Measured composite V less than for one of the contributing
{V

vehicles by more than 5 but less than 10 dB.

+ Measured composite V greater than largest V for a contributing
v v

vehicle by more than 5 but less than 10 dB (a possible error

condition).

+- Measured composite V greater than largest V for a contributingv v

vehicle by more than 10 dB (a probable error condition).

2. On a "PREDICTED" line

- or ++ Predicted V less than or greater than measured V byv v

more than 10 dB.

- or + Predicted V less than or greater than measured V by morev v

than 5 but less than 10 dB.

Those entries without a flag on the "PREDICTED" line indicate that the

measured V was considered to be satisfactorily predicted from the composite.
v

Plot line descriptions in the table refer to the plots in section 3.7.
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3.7 DATA PLOTS OF COMPARISON RESULTS OF MEASURED AND PREDICTED APD FOR

MULTIPLE VEHICLES

This paragraph presents example data plots showing the straight-line

approximations of measured and predicted APD for multiple vehicles. The

plots were constructed from the computer printout data present in section

3.6. Squares are used to indicate the predicted composite. Crosses on

the single-vehicle lines mark where the vehicle's line intersected its

ambient line. The measured and predicted V for each test condition arev

listed at the top of the plot. The predicted Vv was summing the mean square

values associated with the contributing vehicles. Plots are shown for the

following tests:

Test Code Number of Vehicles Tested

16 12

17 6

18 6

19 6

20 3

21 3

22 3

23 2

24 2

The frequency (FR) and bandwidth (BW) have also been coded as follows:
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Frequency (FR) Bandwidth (BW)

Code Value Code Value

1 23 MHz 1 3 KH

2 75 MHz 2 10 KHz

3 300 MHz 3 30 Kiz

4 900 Mz 4 100 KHz

5 300 KHz

The measured value of V for the multiple-vehicle test is indicated sorms

that the ordinates can be easily rescaled from dB(pV) to dB re rms.

The sample plots include a plot for test code 20 at 75 MHz, which, as

discussed in 3.1.4.2, is considered to be invalid due to excessive attenuation

between the antenna and the NATE receiver input.

3-159



APD DSU UVE.3U PROBA. BILI TY
FR SW TEST CODE MEASURED UVRqS a 35.9

5 22 1 2 4 PREDICTED a 45.5

88 -

O go-- ----

0

30 - -- -

20

.Me1 .9m .8e .91 .92 .9 .1 .2 .3 .4

APO DBU ) VERSUS PROBABILITY
FR BW TEST CODE MEASURED VUQRS m3.3

3 4 22 1 2 4 PREDICTED , 36.6

'0 -3 .1-

50 -- -

.981 .89 .691 .61 82 .65 .1 .2 3 .4
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APO DBUU VERSUS PROB.BILITY
FR BW TEST CODE MEASURED JURS - 32.3

3 3 22 1 2 4 PREDICTED - 31.9

70

70

URfIS -

.61 .me A .81 .OL .02 .05 .1 .2 .3 .4

APO OSUU ,)ERSUS PPtOSAS ILKTY
FR BW TEST CODE MEASURED UURMS a 22.8

3 2 22 1 2 4 PREDICTED a 24.9

70

__________ !I_____ ______50...-

_ _"- _-.U..NS --

20

86L .6665 .8e1 1 .02 .05 .1 .2 .3 .4
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APO OBUU VERSUS PROABILITY
FR BW TEST COE MEASURED V'MIS a 35.4

2 4 L2 L 2 4 PEDICTED - 37.7

90-

a t . 1 - -I

40 -

I I

20

.O91 9l .981 .81 .02 .05 .1 .2 .3 .4

F.PO OBLI, VERSUS PROSABILIT
FR BW TEST CODE MfEASURED ARIS - 31.4

2 3 22 1 2 4 PREDICTED - 31.2

ISOI

50 -

40 . , ------ - - --

to "

.8ow1 .9m65 .861 .81 .02 .85 .1 .2 .3 .4
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APO OBUV VERSUS PROSABILITY
FR B11 TEST CODE MEASURED VUIS - 44.3

2 3 21 1 8 12 PREDICTED - 39.1

- - __ _ _ _ __ __I _ __ _ __ _

80-- ", "'___ _,_"

60 -__ _

40J
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ApoODBUV VJERSUS PROBABILITY
FR eW TEST COOC MEASuRkED 'JtJRMI - 25. 6

4 4 22 1 2 PREDICTED-22.3

60 - ___- ____ __
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APO OSUU "ERSUS PROE1B[ILITY
FR SW TEST COOE MEASURED IIJMS - 28.7
1 3 23 1 12 PREDICTED - 36.2

4171 -2

"aj i----+ "---

.8 01, .865 .691 .91 .02 .05 .1 .2 .3 .4

APO OeUU UERSUS PPRJBABIIT?
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2 1 23 1 12 PREDICTED - 26.4
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7 00

V. I ! _ _

,0 u-I i i__
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APO OSUL' VERSUS3 PROBAE.ILI T.
FR BW TEST CODE MEASURED UVRMS - 25 .4

2 2 23 1 12 PREDICTED - 29.8

40

.0881 .6685 .881 .81 .02 .05 .1 .2 .3 .4
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so

70 - - ____ _______
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PD DBUU VERSUS PROBSILITY
FR %I TEST COE PEASURED VURPS - 34.2

2 4 23 1 12 PREDICTED - 38.2

so

20 --
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APO DBUW IJERSU3 PROP864BILIT,
FR W TEST COOE MEASURED u - 29 3

3 3 23 1 12 PREDICTED - 30.1
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APO DBIJV VERS3US PROBAB IL ITY
FR BW TEST CODE MlEASURED IJ'*PS - 42. 9

3 5 23 1 L2 PREDICTED - 44.8

so - _ __ _ ___ _

so - -
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.Owl .am6 .861.1 .0 .0 2 .3 4
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APO DSUV VERSUS PROB-BILITY
FR BW TEST CODE MEASURED UURMS a 24.3

4 5 23 1 12 PREDICTED - 36 2
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APO DBU" VE'SIJS PROBAB IL I TY
FR BW TEST CODE PEASURED UURVIS - 31.2

2 1 24 1 4 PREDICTED - 27.7

60

50 -- - ___ _

40 - _____p i.-
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APO OBUU V.ERSUS PROBABILITY
FR BW TEST COOC MEASURED UUARMS - 42.32 3 24 1 4 PREDICTED - 29 4
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W~iP OBU, VERSUS PROBABILITY
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3 2 24 . 4 PREDICTED - 23.9
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APD OBUV V.'ERSUS PPO6SBILITY
FR S1i TEST COOE MEASURED UUP1lS - 35.5
3 4 24 1 4 PREDICTED a 36.6
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*PD DBtJV UERSUS PROBABILITY
FR 81 TEST COO MEASURED UURMS; - 29 4

4 4 24 1 4 PREDICTED - 22 2
70

40
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3.8 DATA PLOTS OF REGRESSIONS OF Vp, V, V , Va, AND V FOR SINGLE VEHICLES

The raw data and estimated regression links for the various noise

parameters versus log b are presented in the following computer-generated

plots. The parameter names used by the computer for plot labeling are re-

lated to symbols used in the text as follows:

VP - V
p

VT - V
rms

SA - V
av

VA - V
a

VV - Vv

Data points which were detected as being probable gross errors are flagged

by a larger circle enclosing the point.
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Uk UER'S.u$ eW

WITH NOISE PkRPMETEP AT PF INPUT
TESTS- 1 2 3 4 5 6 ? 8 9 18 11 12 15

29
WITH R I

16.

o-24
0 -- II

l ii ii FII - -

3 2.

10. 30. l8. 30. low.

SA UESU$ eBW

WITH NOISE PARAMETER AT RF INPIJT
TESTS- 1 2 3 4 5 6 7 8 9 18 It 12 15

WITH FR 1

.. .....J. L.1. IT

3 i0. 30.. t00 3me. 1000.

3-178
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VT UERSUS BW
WITH NOISE PARAMETER AT IF OUTPUT

TESTSu I a 3 4 5 $ ? 8 9 10 11 12 15 29

WITH FR - 75

48.

40

IIL i I HT
24I

... 1 1 I

3. o. 30. tee. 300. t,.z.

UT .EPSUJS SW
WITH NOISE PARAMETER AT RF INPUT

TE'STS 1 2 3 4 5 C 7 8 9 10 I1 12 15
29

WITH FR -

- - I
-4 -,3-180

3. 10. 10.0I. 300. I

3-180



WH I vER*SUS BW
,ITH NOISE PRAMETE, T RF INPUTTESTS Z 3 4 5 6 7 8 9 t0 11 1.2 15

-249

WI!TH FP 1 2

I IK II H

3. La. 30. LOS. 380. Low.

SA VJERSUJS 8W
WITH NOISE PARAMETER AT PF INPUT

TE.TS= 2 3 4 5 S 7 S 9101112 15

WITH FP- 2

1I V

-24 - _

3. 19. 30. 100 300. 1000

3-181



jA '.JEFrSUS BW
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3.9 DATA PLOTS OF V AND V VERSUS DISTANCE FOR SINGLE VEHICLESp r s
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NOTE: THE 75 MHz. 300 MHz, AND 900 MHz PLOTS SHOWN
ARE FOR A SPECTRUM ANALYZER BANDWIDTH OF
200 KHz WHILE THE 22.8 MHz PLOT 1S FOR A SPEC-
TRUM ANALYZER BANDWIDTH OF 20 KHz.

100

90-

@50

40

0

0 10 20 30 40' 50 so 70 so 90 100

DISTANCE FROM ANTENNA IMETERSI

Measured peak voltage level of vehicular noise from the 1970 Chevrolet C-30
truck (Purdy's) for various frequencies and bandwidths.
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NOTE: THE 75 MHz. 300 MHz. AND 900 MHz PLOTS SHOWN
ARE FOR A SPECTRUM ANALYZER B1ANDWNIDTH OF
300 KHx WHILE THE 23 MHz PLOT IS FOR A SPEC-
TRUM ANALYZER BANDWIDTH OF 30 KUL.
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Measured rms value of vehicular noise from the 1970 Chevrolet C-30 truck

(Purdy's) for various frequencies and bandwidths.
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APPENDIX 4 - GLOSSARY OF SYMBOLS

APD Amplitude probability distribution function, plotted with

envelope level in db(UV) or dB re rms as the ordinate and

exceedance probability as the abscissa, with the probability

axis scaled to be proportional to [-10 log (-ln P)]

a - Subscript used to indicate applicability to the ambient component

E(.] - Expected value of the variable specified

r(-) - G-mma function of the argument:

rz)= x 1 exp [-x] dx

ri = Middleton's notation for o2/ 2
B G 2B

IF - Intermediate frequency

i - Subscript used to indicate applicability of an envelope of

probability value to vehicle i

K a 10 log k (i.e., k in logarithmic units)

k "Intercept parameter" of the Weibull distribution

m - "Slope parameter" of the Weibull distribution

12B Mean squared "impulsive" component at IF

WIF - IF radian frequency

P - IF envelope exceedance probability:

P(R I) - Prob [R > Ri]

P1  Value of exceedance probability at the intersection of the

vehicular and ambient component lines

P - IF envelope power in dBm

P - Value of P at the pivot point for multiple-vehicle predictions

P6BH - Middleton's set of six parameters that are used in his Class

B model
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p - Weibull probability density function:

p(r) k m rm-1 exp J-kr m r > 0

0 r <0

R IF envelope level in dB(PV)

R1 - 20 log rl

R B Value of R at the bend-over point in Middleton's Class B model

R W Value of R at the intersection of the vehicular and ambient

lines

Rd  Value of R where, in Middleton's Class B mode, the amplitude

distribution function starts to differ from a Rayleigh line

Rn  For n < 1: value of R at an exceedance probability of P - n

Rp Value of R about which an ambient line is pivoted to a Rayleigh

slope

R - Value of R about which a vehicular line is pivoted
pv

r = IF envelope level in PV, defined with r > 0

r(t) W IF envelope level as a function of time

S = Desired signal level at the RF input to a communication receiver.

Units may be dBm or dB(iAV), whichever is specified.

a - Parameter of the Rayleigh distribution, related to the Weibull

k parameter by k - (2a2)- 1 when the Weibull m - 2

02- Mean squared value of the Gaussian component at IF

V = rms ambient component in the IF envelope in dB(pV)
a

V - Average IF envelope value in dB(pV)
av

- 20 log (E[r(t)])

Vd = Dispersion parameter - V - Vdrue av

V a Peak IF envelope value in dB( V)
p
Vrms  = rms IF envelope value in dB(pV)

- 20 log (E[r2(t)])1/2
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'V rms vehicular component in the IF envelope as estimatedv

by the Weibull distribution, in dB(uV)

v W Subscript used to indicate applicability to the vehicular

component

X - -10 log (-ln P)

- Value of X at the intersection of the vehicular and

ambient lines

x p Value of X about which an ambient line is pivoted top

have a Rayleigh slope

X - Value of X about which a vehicular line is pivotedpv

z- An estimated value of r for the multiple-vehicle case
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